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RED CASE 2575 

Dow is providing publicly available hazard information for the endpoints identified in the 
EPA HPV Challenge for orthophenylphenol. As indicated to the Agency in previous 
communications, this substance is a pesticide regulated by FIFRA in the U.S. and is used 
exclusively as an intermediate to another pesticide. Dow believes these conditions are 
sufficient to exempt this substance from the EPA HPV Challenge. Nearly five years after 
our request for exemption of 2-phenylphenol from the EPA HPV Challenge, the Agency 
notified Dow our request was not accepted. November 11,2004, Dow sent a letter to 
EPA stating its commitment to provide publicly available information on this substance 
for the endpoints within the EPA HPV Challenge. 

The EPA Reregistration Eligibility Decisio? (RED) document (Case 2575) will publish in 
September, 2005 on the EPA website. This document will contain physical property, 
biodegradation and environmental toxicity study results. 

In addition, two significant publications are available for 2-phenylphenol: 

1. 	 World Health Organization Joint Meeting on Pesticide Residues, 1999, 

2-Phenylphenol and Its Sodium Salt. 


This publication evaluates these pesticide substances for acceptable daily intake 
with a summary and review of the results of the numerous toxicological studies 
on 2-phenylphenol. These include acute oral, inhalation and dermal results; two 
guinea pig sensitization studies; dermal and eye irritation studies; palatability and 
toxicity in beagle dogs; 2-year dietary feeding study in mice; 91-week dietary 
feeding study in rats; 1 -year dietary feeding study in rats; numerous genotoxicity 
study results including six in-vivo studies. A copy of this publication is included 
with this letter. 
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2. 	 Bomhard, E.M., Brendler-Schwaab, S.Y.,Freyberger, A. , Herbold, B.A., K. H. 
Leser, K. H., Richter, M. 0-Phenylphenol and Its Sodium and Potassium Salts: 
A Toxicological Assessment, Critical Review in Toxicology 32(6):55 l-626,2002. 

This article includes a review of experience in humans, teratogenicity, 
‘2-generation reproductive study results; endocrine effects, immunotoxicology in 
addition to the studies described in the 1999 World Health Organization JMPR 
meeting report. 

Dow believes this communication satisfies the commitment to provide publicly available 
information for all endpoints within the EPA HPV Challenge. Please remove this 
substance from the EPA HPV Orphans List and from Annex A of the 55* ITC Report. 

Sincerely, 

Linda C. Burger-t 
EI-I&S Product Regulatory Management 
PH: 989-636-1011 
FAX: 989-638-9933 
E-MAIL: Iburgert@dow.com 

jt 

cc: John Walker, USEPA Headquarters, Washington, DC 
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Explanation 
2-Phenylpheuol and its sodium salt were evahutted by the 1%9,1983,1985,1989, and 19% 

Joint Meetings (Annex 1, references 12,40,44,56, and 59). A temporary AD1 of O-O.02 mg/kg 
bw was allocated in 1983, which was extended iu 1985 and 1989. An ADI of 04.02 mgkg bw 
was established in 1990. Since that Meeting, studies have become available on biochemical 
aspects, biotransformation, effects on enzymes and other biochemical parameters, m& t&city, 
short-term toxicity, long-term toxicity, genotoxicity, reproductive toxicity, dermal and ocular 
irritation and dermal sensitization, and on the mechanism of the carckogcnic effect in the rat 
urinaq bladder. The compound was reviewed by the present Meeting within the periodic review 
pnqgamrne of the Codex Committee on PesticideResidues. 

Theioxicologicaldataonthesodiumsaltof2-pbenylphenolwennotusedtoestablisbtheADI, 
since the salt rapidly dissociates to 2-pheuylpheuol. These data were, however, cousidered of 
value for the review and are therefore included 

Evaluation for Acceptable Daily Intake 
1. Biochemical aspects 

(a) Absorption. distribution, and excretion 
Groups of four male Fischer 344 rats were given single oral doses of [‘%]2-phenylphmol 

(purity, 99.8%; specific activity, 19 mCikuno1) or [‘Qodium 2-phenylphenol (purity, 98.7%) 
by gavage at a dose of 500 mgkg bw and were immediately placed in glass metabolism cages. 
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About 90-95% of the administered radiolabel on both compounds was recovered ia urine and 
S-6% in faeces, mainly during the first 24 h. The rates of urinary excretion were virtually identical 
in the two groups. In a second experiment, animals were fed diets containing 13 000 ppm of 2- 
phenylphenol or 20 000 ppm of the sodium salt (equimolar amounts) for 2 weeks before 
administration of single oral doses of the labelled compounds. The animals still chminated most 
of the radiolabel (88-94%) in urine and small amounts in faeces (3-S%). Preconditioning did not 
greatly affect the disposition of radiolabel, although the sodium salt appeared to have been 
eliminated somewhat more rapidly than 2-phenylphenol (Rejtz et al., 1983). 

Croups of four male Fischer 344 rats were given single oral doses of [“CJ2-phenylphenol 
(purity not given; specific activity, 1.6 mCjAnmol)at 16Omg/kg bw or (“C)sodium2-pheny1pheno1 
at 250 mg/kg bw (equimolar levels; pu@ty not given; specjfic activity, 1.6 mCi/mmol). The 
animals were fasted overnight before and for 6 h after dosing. Urine and faeces were collected daily 
for 7 days. The excretion patterns in the two groups did not differ significantly, and 82-98% of 
the dose was E,covered in urine and only 2-5% in faeces within 24 h of dosing. Two male rats 
re&ved bile duct cannulae, and bile was collected for 3 days after a single oral dose of250 mgkg 
bw of radiolabelled sodium salt. Excretion of radiolabel in the bile began within the fust hour of 
dosing, reached a peak within 3-6 h, and was almost complete by 8 h’ about one-forth of the dose 
was recovered in bile over the 3day collection period. The authors interpreted these results as 
indicating rapid absorption from the intestine and enterohepatic circulation of 2-phenylphenol 
metaboljtes. The pattern of distribution in organs and tissues, examined on days 1,3, and 7 after 
administration of the sodium salt and on days 1 and 7 after administration of 2-phenylphenol, 
showed little di@rence. Little radjolabel was retained in organs and tissues. inchrding the urinary 
bladder (Yamaha et al., 1983; Sato et al., 1988). 

In a comparative study, [‘*C/“C/“C]2-pheny1pheno1 (purity, 99.5%; specific activity, 
48 mCi/mmol) was given to 10 male B6C3FI mice as a single oral dose of 15 or 800 mgkg bw, 
to 10 male and 10 female Fischer 344 rats as a single oral dose of 28 or 27 mg/Jcg bw, and to six 
male volunteers as a dermal dose of approximately 6 p&g bw on the forearm for 8 h. The 
compound was well absorbed in the mice, 84% and 98% ofthe two doses being recovered inurine 
collected over 48 h. Extensive absorption and rapid elimination were also seen in the rats, 89 and 
86% of the dose being found in the urine of males and females, respectively, within 24 h. 2- 
Phenylphenol was also rapidly eliminated by the volunteers, 99% of the absorbed dose being 
collected in urine within the first 48 h of exposure (Bartels et al., 1998). 

Theskjnoftheforearmofsixmalevohmteersaged 19-27andweighing58-98kgwasexposed 
to 100 pl of a 0.4% isopropanol solution of [‘W14CJ2-pheaylphenol providing a dose of 
approximately 6 pg/kg bw and 42 pCi for 8 h. Samples of blood, u&e, and faeces were collected 
at various times for five days, and blood samples were also taken during exposure. High 
concentrations of radiolabel in blood were observed within the first 2 h of the start of exposure in 
all subjects, indicating rapid absorption. The rate diminished fairly rapidly at the end of the 
exposure period, and little or no radiolabel was present in venous blood samples collected 2 days 
after termination of exposure. About 43% of the applied dose of 2-phenylphuml was absorbed, 
about 58% of which was recovered in SW&S, skin rinse, gauze, and the protective en&sum. The 
majority (99%) of the absorbed compound was excreted in urine, and faeces rcpmmtd a minor 
route of elimination (1% within 5 days). A mean ‘of 0.04% of the administered radjol&ei was 
found in the tape strips covering the application site, indicating no accumulation in the SuPerfcjd 
layers of the skim (Selim, 1996). 

The plasma concentrations peaked within 4 h of dosing and then declined rapidly, virtually all 
of the absorbed dose being excreted in urine within 24 h. A one-comparhnent model was us& to 
describe the pharmacokinetics of absorption and clearance of [‘%]2phenylphenol b these 
volunteers. Approximately 43% of the applied dose was absorbed through the skin, witi an 
average absorption half-time of 10 h. Once absorbed, its renal clearance was rapid, with an average 

elimination half-time of 0.8 h. Overall, thepharmacokinetics of [‘4C]2-phenylphenol was similar 
in the individual volunteers, and the model parameters were in excellent agreement with the 
experimental data. The rapid excretion in urine indicates that 2-phenylphenol is unlikely to 
accumulate in humans exposed repeatedly (Timchalk, 1996). 
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(b) Biotransfotmation 
Groups of 10 male B6C3F, mice weregiven a single oral dose of [“C]Z-phenylphenol (specific 

a&v&y, 48 mCi/mmol) at 25 or MOO mgAcg bw or five daily doses of unlabclled compound 
(pity, 99.5%) at 1000 ring/kg bw per day followed by a single oral dose of labelled compound 
at 1000 mg/kg bw and were killed 48 h a&r dosing. For comparison, groups of two male and two 
female Fischer 344 rats were given a single oral dose of labelled compound at 25 or 125 m@Jcg 

, 	 bw and were killed 24 h afk dosing. The excretion of [‘*c]2-phenylphenol in mice was rapid and 
~8s complete by 12-24 b after dosing, with 74-98% of the recovered nidiolabel in urine and 
6-l 3% in faeces; < 1% was recovered in the tissues and carcass. Eight radiolabelled metabolites 
weft detected in the urine of both mice and rats, with no major differences in distribution by 
sp&q by sex in the rats, or single or repeated dosing in mice. A small amount (0.4%)of fiec 2- 
phenylphenol was detected only in urine of female rats given the single dose of 125 mg/Lg bw. 
Four major urinary metabolites were identified: phenylhydroquinone glucuronide,
phenylhydroquinone sulfate,2-phenylpheno1 sulfate, and2-phenylphenol glucuronde, &counting 
for about 98% of the recovered dose in mice and 102% in rats. An additional metabolite which 
accounted for about 2.7% of the recovered dose in rat urine was tentatively identified as the sulfate 
conjugate of 2,4’~ihydroxybiphenyl. No quaIitative diffkrence in metabolites was observed in 
male mice, but a dose-dependent, quantitative difkence was noted in the extent of sulfation and 
glucuronidation of 2-phenylphenol. After a single dose of 25 mgkg bw to mice, the sulfate was 
the major urinary metabolite, accounting fir 56% of the recovered radiolabel, while the 
glucuronide accounted for 2%. After single or repeated doses of 1000 mgkg bw, the glucuronide 
was the major metabolite, accounting for 4860% of the urkuy radiolabel, while the sulfkte 
accounted for 2&27%. In rats given a single oral dose of 25 mgkg bw, 2-phenylphenol sulfate 
was the major metabolite, accounting for 91% of the xecovered radiolabel, while the wnide 
accounted for only 7%. Formation of phenylhydmquimme gkuronide rwl sulfate -ted 
minor metabolic pathways, accounting for 1 l-23% and 2-7% of the radiolabel in mice and rats, 
respectively. The extent of conjugation was not dose-dependent in mice given a singIe oral dose 
of 25 or 1000 mgkg bw of 2-phenylphenol. The authors con&M that 2phenylphenol is 
completely metabolized in mice and rapidly eliminated in the urine, predomkntly aa the sulfite 
and glucuronide conjugates. The extent of metabolism was qualitatively comparable in mice and 
rats, although quantitative differences were seen in the extent ofconjugation (MeNett et al., 1997). 

In the comparative study of Bartels et al. (1998) descni above, sulfation of 2-phenylphenol 
was found to be the major metabolic pathway at low doses in allthreespecies;accounting for 57% 
of the urinary radiolabel in male mice given 15 mgkg bw, 82% in male rats given 28 mg/kg b, 
and 69% in the male volunteers given 0.006 n$kg bw. The gkuronide was also found, 
representing 29,7, and 4% of the total urinary metabolites at these low doses in the three species, 
respectively. Conjugates ofphenylhydroquinoneaccounted for 12,5, and 15% ofthe dose inmice, 
rats, and humans, respectively. Little or no free 2-phenylphcnol was found in any species, and no 
free phenylhydroquinone or phenylhcnzoquinone was found in any species, with a limit of 
detection of 0.1-0.60/r. A novel metabolite, the sulfate conjugate of2,4’Qihydroxybiphenyl, was 
identified in rats and humans, comprising 3 and 13% of the low doses, respe&vely. Dose-
dependent shifts in the conjugation of parent 2-phenylphenol were seen in mice, in&cahg 
saturationofthesulfationpathwayaAerthehighdoseof8OOmgkgbw.l&e&pe&tit &reases 
in the total amount of phenylhydroquinone were also observed in the mice. 

The major metabolites identified in the urine of five male and five female Fischer 344 rats 
fed 20 000 ppm of sodium 2-phenylphenol (purity not given) in the diet for 136 days were 
glucuronide conjugates of 2-phenylphenol and 2,5-dihydroxybiphenyl. Trace amounts of 2,5- 
diquinonebiphenyl were also tentatively identified. Unconjugated phenolic metabolites accounted 
for only 1% of the phenoIic metabolites excreted; no other metabolites were found. By 24h after 
feeding, 55% of the dose had been recovered in males and 40% in females. A sex difference w 
found in the proportion of urinary metabolites, male rats excreting 1.8 times aa much conjugated 
2-phenylphenol and more than 7 times as much conjugated 2,Sdihydroxybiphenyl as female rats 
in 24-h urine samples. No explanation was given for the inability to find the sulfate ester of2- 
phenylphenol in urine in this study. As only 40-55% of the administered dose was recovered, it 
may have been present but not identified (Nakao et al., 1983). 

2-PHENYLPHENOL AND ITS SODIUM SALT 201-237 JMPR 1999 



204 

Single oral doses of 5,50, or 500 m&g bw of [14C]2-pbenylphenol (purity, 99.8%; specific 
activity, 19 mCi/mmol per L) or [‘4C@dium Z-phenylphenol (purity, 98.7%; specific activity, 
19 mCiAnmol/L) were admitered to groups of four male rats, and the urinary metabolites were 
identified and quantitified. At the two lower doses, the major metabolites ofboth compounds were 
theglucuronideandsulfate esterconjugatesof2-phenylphenol, anduncoujugated2-phenylphmol 
and 2,5-dihydroxybiphenyl accounted for < 2% of the total radiolabel recovered in urine at a limit 
of detection of l-2%. Nearly identical high-performance liquid chromatograms were obtained for 
the two compounds. At 500 mgkg bw, a further metabohte of both compounds was identified, 
which accounted for 2&30% of the urinary radiolabel and apptand to be a conjugated 
dihydroxybiphenyl molecule, most likely with glucuronide and/or sulfite groups, The authors 
hypothesized that this metabolite is formed only at high doses as a result of satwatiou ofnormal 
glucuronide and.sulfate ester conjugation pathways. Incubation of [“CD-phenylpbenol with 
purified microsomes in vitro in the absence of conjugating substrates yielded huge amounts ofa 
material which co-chromatographed with 2SdihydroxybiphenyL The semiquinone and qt&one 
were not identified in these studies, but their formatiott was proposed on the basis of the retju,Lts 
of similar studies on benzene (Reitz et al., 1983). 

In a study of toxicity in male Fischer 344 rats given diets containing 0,800,4000,8000, or 
12 500 ppm of 2-phenylphenol (purity, 99.5%) for 13 week, the DNA of the urothelium was 
isolated at the end of the study and examincd for covalent adducts of 2-phenylphenol by the 32p- 
postlabelling assay. The CODCCDtrations of 2-phenyiphenol metabolitcs were also measured m 
overnight urine samples collected from the animals at the end of the study. The ghumromde and 
sulfate conjugates of 2-phenylphenol and the hydroxylated metabolite, 2,5-phenyLhy&oqumoue, 
were found to be the major metabolites. The major conjugation in all samples was with sulfate. 
The formation of this metabolite appeared to be satm&ed at 8000 ppm, while the amcentratiobg 
oftheremainingthreeconjugatedmetabolitesincmasedinadosadepen&ntfashi~uptothehi~ 
dose. Traces of free 2-phenylphenol and phenylhydroquino~e were observed at all doses, fite 
phenylhydroquinone comprising 0.6-l 5% of the total metabolites measured Theconcentrations 
of creatinine were comparable in all groups (Ektels & McNett, 1996). 

Mature cats and dogs were given [ “C]sodium 2-phenylphenol (purity and specific activity not 
given) at single oral doses 5 3 g/kg bw. The amount of radiolabel in plasma was higher in dogs 
thanincats,andthedogsmetabolizodandexCretedthret~~moreradiolsbel~D~~cata
Theurinarymttabolittswereunchanged2-~y~ol,gtuanonideawlsulfirtecoqj~and 
phenol derived f?om cleavage of the phenylphenol bond and ring hydroxylatitm. The phenol 
metabolites were derived from both 2-phenylphenol ring moieties (O&me & Smith, 1972). 

Urine samples were collected weekly after single oral doses every second day of [tQ2- 
phenylphenol (purity, 95%) to three male and three female mature beagle dogs (0.3 mg/kg bw per 
day), three male and three female immature beagle dogs (2.0 mg/kg bw per day), three male and 
three female mature domestic cats (1.2 mgkg bw per day), and three male and three female 
immature domestic cats (2.0 mgkg bw per day) for 8 weeks. The main urinary cxcxctio~ pro&x$ 
was unchanged 2-phenylphenol, representing 70% of the radioLabel in dogs and 95-98Y0 in 
cats. Dogs excreted significantly more ghrcuronide- and sulfate ester-conjugated 2-phenylplbenol 
than cats, and immature dogs excreted four times as much glucuronicle conjugate as mature dogs. 
The age differences did not affect the rate of exmtio~ of the sulfate ester conjugate in either 
species (Savides & Ochme, 1980). 

In the study of Selim (1996) in volunteers treated dermally, described above, 99% of the 
absorbed dose of 2-phenylphenol was eliminated in urine, primarily as polar conjugates or 
hydroxylated metabolites. The major urinary metabolite was the sulfate conjugate, which 
accounted for 68% of the absorbed dose; conjugation with glucuronic acid aCCOunted for ODly 3%. 
Hydroxylation of the phenol or phenyl ring, followed by conjugation, was also significant, 
phenylhydroquinone glucuronide representing 14% of the absorbed dose and 2 4’- 
dihydroxybiphenyl sulfate, 12%. Traces of unmetabolized parent compound (0.5% of absorbed 
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dose) were found only in saf”ples taken shortly tier administration. No free phenylhydroquinone 
or phenylhydroquinone-sulfate was found in urine (Bartels et al., 1997; Timchalk et al., 1998). 

The proposed metabolic pathways of 2-phenylphenol in rodents and humans are shown iu 
Figure 1. 

(c) Eflects on enzymes and oilier biochemical parameters 
2-Phenylphenol 

2-Phenylphenol was converted to 2,Sdihydroxy biphenyl (phenylhydNqu&ne) by microsornal 
cytocbrome P450 enzymes. Dependiig on the cofactor use& the microsomal enxymes catafysad 
either oxidation and/or reduction of the metabotite. Phenylhydmqu&ne was oxidixed to phenyl 
2,5’-para-quinone by cumene hydroperoxide-supported enqmes, and this compound was 
reduced to phenylhydquinone by cytochrome P450 md&aae. This study provides diract 
evidence of cytochrome P45O-catalysed redox cycling of 2phenylpheno1, which may play a r& 
in the induction of bladder cancer by this substance (Roy, 1990). 

Activation of the 2-phenylphenol metabolite phenylhydroquinone by prctstaglandin (H) 
synthase in the presence of arachidonic acid and hydrogen peroxide was studied to test the 
hypothesis that prostaglandin synthase in rat urinary bladder transitional epithchum and kidney 
medullar papilla is responsible for activation of the metabolite to reactive intermediates in tim 
bladder and kieey . Phenylhydroquinone was found to be metabolixui by theperoxiclase activity 
of prostaglandm synthase and by other pemxidases such as homeradish peroxidase and 
mycloperoxidase,suggestingthattheperoxidativemetabolismofphenylhy&cquimmecouldplay 
a role in urinary bladder and kidney cam&genesis in rats (Kolachana et al., 1991). 

In a study of the effect of pH on nonenymatic oxidation of phenylhydmqumone, the ef$&n 
of phenylbenzoquinone and oxygen concentration on autoxidation of pheny&hrquincme, a& 

PharylbauaquiaOne
From Bzutels et al. (1998) 
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the nonenymatic conversion of phenylbenzoquinone to phenylhydroquinone, a curvilinear 
relationship was found between the rate of oxidation of phenylhydroquinone and pH over the 
range 6.3-7.6. Pbenylbenzoquinone was formed during autoxida!ion of phenylhydroquinone, 
with a yield of 0.92 f 0.02. The results indicate that the production of reactive metabolites tirn 
phenylhydroquinone involves both a pH-independent (i.e. oxygendependent) and apH-depe&nt 
pathway and that the presence of phenylbenzq&ne enhances the rate of pHdepe&nt 
phenylhydroquinone autoxidation. The authors suggested that ionization of phenylhydroquinone 
semiquinone is a key step in production of reactive species in tbe pH-depc&nt pathway. They
found a good correlation between the proposed reaction pathway and the induction by 2-
phenylphenol of bladder lesions in rats. Thus, pH-dependent autoxidation of free 
phenylhydroquinone in urine may be responsible for tbe tumorigenic effects of 2-pbenylphenol 
and sodium 2-phenylphenol in the rat bladder (Kwok & Eastmond, 1997). 

Groups of eight fde B6C3F, mice were given 0, 1, IO, or 200 m@g bw per day of 2- 
phenylphenol (purity, > 98%) by gavage on 5 days per week for 2 weeka. As a positive control, 
mice were given 45 mg/kg bw of cyclophosphamide intraperitoneally far4 days. The weights of 
the body, liver, spleen, kidney, and tbymus were recorded, and samples were prepared for 
bistopatbological examination. Haernatology and clinical chemistry were conducted, and bone- 
marrow cellularity and colony formation, lymphoproli f&ative responses, delayed hypersarsitivity 
responses, immunoglobulin, antibodies. response to L&ti nwmyzogenes challenge, and 
tumour susceptibility were studied. None of the treated animals died or &owed signs of toxicity. 
Histopatbological examination revealed no significant lesion in any tissue& The w&&t of the 
tbymus and the relative weight of the spleen were slightly increased at 200 m&kg bw pa day. The 
slight haematological alterations seen did not show adoweqmw datbshipandwerewitin
the normal range of biological variation. A sligbt hmease in serum chobsterol concentration and 
acorrespondingdecszaseintriglyctridecMlccntrationwcrestcnmmiceat200m~bwpetday.
Theactivityofalanineaminotransferaseandtotalprotcininstnunwcrtlrotaffectcd,althouOhtht 
albumin:globulin ratio was slightly dcmmed at the high doss Bone-marrow cellularity,
lymphoproliferative responses, immune diction, and host suscqtiiility were not altered. In 
contrast, treatment with cyclophospbamide resulted in marked alterations. The authors concluded 
that 2-phenylphenol, even at relatively high doses, did not alter immune fimction or host 
susceptibility (Luster et al., 198 1). 

Sodium 2-phenylphenol 
Binding of sodium 2-phcnylphenol metabolites to macromolecules in vitro was studied by 

incubating [“Cjsodi~ 2-pbenylphenol (specific activity, 19 mCVmmo1) with ~nxified liver 
microsomes from male rats in the presence of a NADPH regenerating system and bovine scum 
albumin, which served as a ‘protein acceptor’. Macromolecular binding of radiolabel to protein, 
which was dependent on the presence of both active microsomes and NADP, was observed. In 
order to study the bindiig of metabolitcs of 2-phenylphenol and its sudium salt to vmol&es 
in the liver, kidney, and urinary bladder in viw, groups of four male rata were given single oral 
doses of “C-iabelled compounds at doses of 50,100,200, or 500 mg/kg bw, and tissues were 
excised 16-l 8 h later for measurement of macromolecular binding, wbicb was determined as 
nanomoles of bound material per milligram of @o&in. The ext& of binding was n6t linearly 
related to the administered dose. Disproportionate &reases wereseeninea&tissueatdoscsof 
sodium 2-phenylphenol2 200 mgikg bw and in liver and bladder a! doses of 2-pbenylphenol a 
200-500 mg/kg bw (Reitz et al., 1984). 

Sodium 2-phenylphenol (purity not given) was administered in the diet at a concentration 
of 20 000 ppm to 4-week-old male and female Fischer 344 rats for 136 days. Urine was collected 
periodically. At the end of treatment, the rats were killed, blood samples were collected, and livers 
and kidneys were removed. The amounts of cyclic nucleotides (CAMP and c-GMP) were 
determined in urine, plasma, liver, and kidneys, and adenylate cyclase activity was measured in 
liver and kidneys. In male rats, the c-AMP levels in urine and plasma were d ecreasedwhereasthe 
c-GMP levels were increased. In females, c-AMP levels were decreased only during the first 
3 days of feeding, and the levels of c-AMP and cGMP in liver and kidneys were unchanged. ‘I’& 
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decreased urinary c-AMP in male rats was probably the result of decreased adenylate cyclase 
activiv in liver and kidneys. A similar change in adenylate cyclase activity was observed in liver 
but not in kidneys of female rata treatalwith sodium 2-phenylphenol. The sex-related alterations 
incyclicnucleotidelevelswenpostu~tobeinvolvedinthesexd~ttinductionofurinary
bladder tmnour$ by sodium 2-phenylpbenol (Nakagawa et al., 1984). 

In male and female Fischer 344 Du Crj rats giveb 20 000 ppm of sodium 2-phenylphenol in the 
diet for 20 weeks, urinary y-glutamyl hanqeptidase activity decreased immediately after the start 
of treatment and remained low throughout the study. The activities of this enzyme and ofalkaline 
phosphatase in kidney homogenate wezre found to have decreased to about 80% of the contil 
values at 20 weeks, but the activity of glucosc-6phosphate dehydrogcnase was significantly
increased; that of NaK-ATPase was unchanged In liver homogenate, however, y-gIutamy1 
transpeptidase activity was increased by about eight times and that of &cos&-phosphate 
dehydrogenaae was significantly increased, but the activities of alkaline phosphataae and NaK 
ATPast wen not significantly difhent firm the contrdl values. The glutathione concentration in 
the livers of treated rats was significantly reduced (Nagai t Nakao, 1984). 

2. Toxicolo@cal studies 
(a) 	 Acute toxicity 
The results of studies of the acute toxicity of 2-phenylphenol and its sodium salt are 

summarized in Table 1. The clinical signs of toxicity were generally nonspecific. 

(b) 	 Short-tenn s&&s of toxici~ 

2-Phenyphenol 

Rats 


2-Phenylphenol (purity, 99.8%) was administered to 30 male Fischer 344 rats (Charles River) 
in the diet at a concentratioq of 20 000 ppm, equal to 1000 mglkg bw per day, for up to 90 days. 
Interim sacrifices .were performed at 3,7,30, and 65 day+ Only seven rats at each dose were 
permitted to live to 90 days, at which time they were kilkd. Food consumption and body weight 
were markedly reduced within the first week and remained low throughout the study. The renaI 
l&ma observed in these rats inch&d focal cortical cysta, significantly decrea& urine specific 
gravity (at 65 and 90 days), small amounts of blood in the urine, focal =arTg F& 
in the cortex, and cystic degeneration (at 65 and 90 days). No &ea!men - 
lesions were observed. A NOAEL cot&I not be identified since the body weight was raluced at 
the only dose tested (Reitz et al.. 1983). 

Table 	 1. Acute toskky of 2-pbmytphmol md its mum salt 

Rat 
Rabbit 

Sodium 2-phenylphend 
Mouse M 

F 
ornl 900 

non --- 
ogatraal. 0979) 

Rti ibi onl 1700 Tanigwhi et *I. (1981) 

Rat L4 old Et! Tayamaeld. (1979) 
F 1100 

Rat Old Gilten d Stcbbii (1994) 
FM iii 
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GroupsoflOmale~dlOf~eFi~h~3~~w~f~~~~n~~gO,l3~,3l~,63~, ’ 
13 000, or 25 000 ppm of 2phenylphenol (purity not given), equal to 0,1~0,390,760,1700, 
and 2800 mg/kg bw per day for males and 0,200,4 10,800,1700, and 3000 m#kg bw per day for 
females, for 12 weeks. Body weight ad body-weight gain were severely depressed in males and 
females at 25 000 ppm and to a lesSa extent (14%) in males fed 13 000 ppm. NO significant 
trtatment-rtlatedeffectswereseeninanalysesofurineperfoornedatweelP9aadl3.~1~~ 
and blood chemical values were generaUy normal, other than a Slight decmase in haemoglobin 
concentration inmaleandfemalerats atthehighestdose. Theabsoluteandrelativeweightofmany 
organs in de rats at this dose were si@hntl~ decreased. The NOAEL was 6300 Pam, equal 
to76Omg/kgbwperday,onthebasisofreducedbodywci8htandbody-weightgainatl3~ppm 
(Iguchi et OZ., 1984). 

Groups of five male and five female Fischer 344 rats received dermal applications of 0,100, 
500, or 1000 mg/kg bw per day of 2-phenylphenol (purity, 99.8%) Once daily on 5 days per week 
for a total of 15 applications Over 21 days The amount applied per animal Was ad@sted weekly 
onthebasisoftbebodywtightofindivi~animalsaadwas~liedtoa5anxScmareaof 
clip@ skin on the back, covered with a nonabsorbent co- patch held in place by an elastic wrap 
securtdwithadhesivetape.The~andpatcbeswereremovednotlessthsn6hsffa~~~ 
andthetreatedareawaswipedwithawettn#dgauepadtoresloveresidualtestmaterial.Control 
~i~lswerchandledilltbeSameWay. Allanimalsw#e~limattdtothewrapsfor2&ysbefon
&e beginning of treatment. They were o&ed at least daily and were given a complete clinical 
examination weekly. The skin at the site of treatment was examined after removal of the wrap on 
the last day of dosing, each week, and on the day before necropsy. Body weights w measu& 
weekly andfeedconsumptionaadfeedefficiencywae~~weddy.Urme~analvsodon 
day 19. The rats were faskd overnight before naxopsy,whefhaematologicalandsenxmclinical 
chemicalparameterswereevaluated,~animal~wereexrrmmedforgrosspathoiogicalchnges,
selected organs were weighed, and tissues were preserved. selected tissues and all gross lesions 
from animals in the control and high-dose groups were examined histologically. 

No deaths occuned at any dose. Treatment-related effects indicative of dermal irritation were 
obscrvedatthesiteofapplicationinanimalsofeachsexat%lOandlOOOmg/kgbwperday.Fcmale 
rats appeared to be slightly more sensitive than males, but the severity of lesions kreased with 
duration of exposure and dose in both sexes. The irritating effects ranged from scaling to fissures. 
Bodyweightsandfeedconsumptionwerenot~t~andw,significant~~nt-~la~effects 
were found in the haematological, clinical chemical, and urinary M -ted. No 
treatment-associated alterations were found in the liver or kidneys (Zempel & Sxabo, 1993). 

Guinea-pip 
2-Phenylphenol was evaluated in 10 male Hartley albino guinea-pigs for dermal sensitization 

potential by a modified Buehler method. The snimalsreceivcdthree dcxmal applications ofO.4 g 
of2-phcnylphenol @urity,99.90/0))nga3-w~inductionperiodandwerecballcagedwithO.4 
gofthecompound2weeksafterthtlastinduction.ThccoaditioDofthettstsiteswss~

approximately 24 and 48 h after the challenge. No cry&ma or oedema ~85 seen in pny of the 

animals.Theauthorconcludedthat2-phenylphenoldidnotcausedelayedcontactbypasarsiti~~

(Berdasco, 1991). 

Ten male Hartley albino guinea-pigs were clipped f?ee of hair on the day befog dosing and 
received three dermal applications of 0.4 8 of 2-phcnyiphenol (purity, 99.9%) mo&ened with 
0.20 ml of distilled water during a 3-week induction period. Two weeks after the last induction 
application, they were given a challenge application of 0.4 ml of a 7.5% suspension of the 
compound in water on another site for 6 h. Five animals received no induction but a 0.4-d &quot 
of a 7.5% suspension of 2-phenylphenol in water. The condition of the test sites was assessed 
approximately 24 and 48 h after challenge. No crythema was seen, and none of the uninduced 
animals showed irritation. The animals were in good health and gained weight &ring the study. 
The author concluded that 2-phenylphcnol did not cause delayed contact hypemcn&ivjty 
(Gilbert, 1994b). 
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Rabbits 
The ability of 2-phenylphenol (purity, 99.9?!) to cause primary dermal irritation was studied 

in &ee male and three female New Zealand white rabbits that received applications of aliquots 
of0.5mlofthe~ubstsncemois.tenedwith0.3mlofdistilledwatcrfor4honintact~onaclipped, 
1Ocmx 10cmareaof~ebacltTheapplicationsitesweregmdodforerythemaandoedemawithLs 
30 min and 24,48, and 72 h of removal of the patch and on days 7,8,9,10,11,14, and 15. The 
animals were weighed on the day of treatment and at the end of the study. Very slight erythema 
was observed at the application site in one of the six rabbits within 30 min of removal of the test 
materialandintworabbits24hlater.SevcretoslighteschsrformationwasobscrvedinfourrabbitJ
within 30 min of treatment which persisted throughout the remainder of the study. Four animals 
had burns at the site of application within 30 min, which resolved as scabs and then scars by the 
end of the study. Four rabbits had very slight-to-severe oedema 30 min and 24 h after removal of 
the test material, and slight-to- severe oedema was observed on three animals 48 and 72 h after 
removal. Body weight was not affected (Gilbert, 1994a). 

Instillation of 0.1 g of 2-phenylphenol (purity not given) into the right eye of six New Zealand 
white rabbits resulted in moderate comeal injury, iritis, and moderate-to-severe oonjunctival 
redness and chemosis in all animals 24,48, and 72 h and 7 days after dosing (Norris, 1971). 

Dogs 
In studies to assess the palatabilitjr and toxicity of 2-phenylphenol (purity, 99.8%) in beagle 

dogs, males and females were treated with several regimens. For palatabiIity, one femaie was 
givenfeedcontaining2-phenylphenaltogiveadoseof300m~bwpadry~5dayaIna~ 
toassesstoxicity,gFoupsoftwomaltsaadthntf~l~weregiven3oO-1ooOm~gbwperday
as a solution in peanut oil by gastric intubation for up to 9 days or 400-700 @kg hw per day by 
capsule for l-2 days. In a 4-week study, groups of two males and two f&es were given 0,100, 
200, or 300 m&g bwper day as a solution in peanut oil by gastric intubatiouon 5 days perweek 
In a 1 -year study, groups of four males and four females were given 2-phenylphenol aa a solution 
in peanut oil by gastric intubation at doses of 0,30,100, or 300 mgIkg bw per day for 5 days per 
week for 1 year. The animals were examined daily for clinical signs, and body weight, feed 
consumption, haematological, urinary, and clinical chemical w, organ wtights, 
ophthalmologic endpoints, and gross and histopathology were &temm~& 

Administration of 300 mg/kg bw per day in fetd or by iutubatkm for 5 days resulted in 
decreased body weights and feed consumption that correlated with the unp&t&ility of 2- 
phenylphenol. Repeated emesis was seen at doses2 400 mg/kg bw per day adminktered in gelatin . 
capsules or in peanut oil by intubation and at doses 2 200 mg/kg bw per day by intubation 
throughout the 4-week study. Bose-related emesis was also seen in animals given 2-phenylphenol 
for 1 year. In general, more &quent emesis and ejection of greater vohunes of gastric content was 
seenindogsgiven300m~gbwpadaythaninthosegivenlowerdosnr.‘Whileanesis~~vety 
limited the dose that could be retained, the degree of emesis did not appear to compromise the 
health of the animals over 1 year. The reaction was categ&zed as a local, transitory response of 
themucosalliningoftheuppaalimentaryttactratherthanareactionoftbecentralnervaussystmr.
Noadverseeffectswereseenonbodyweight,fetdconsumption,haematologicaLurinary,cli&al 
chemical, or ophthalmological pammeWs, Organ weights, or gross or histological appeaame of 
a range of tissues from all dogs. The only deaths were of two males at the high dose in the t-year 
study which died subsequent to inadvertent deposition of the test so@km into the lungs after 
approximately4.5 monthsofdosing. TheNOAELwas 3OOmg/kgbwperday(Cosseetof,, ]9gQ. 

Sodium 2-phenylphenol 
Mice 

Groups of 10 male and 10 female B6C3F1 mice were fed diets containing 0,2500,5000,10 000, 
20 000, or40 000 ppm ofsodium 2-phenylphenol as the tetrahydrate (purity not given), equivalent 
to 0,270, 550, llOQ,2200, and 4400 mgkg bw per day, for 13 weeks. Body-weight gain was 
significantly depressed in males fed 10 000 or 20 000 ppm and in animals of each sex f&l 
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. 40 000 ppm. Urinary analysis showed increased pH and decreased specific gravity at the highest 
dose. The relative weights of the livers of animals given 10 000,20 000, or 40 000 ppm were 
significantly greater than those of controls, but no treatment-related histopathological findings 
were made. Light and scanning electron microscope examination of the bladder epithelium at 4, 
8, and 13 weeks in three males and three f&es in the control group and at 20 000 ppm showed 
no abnormaility in the appearance of the bladder epithelium of treated mice at any time, The 
~OAELwas5000ppm,equivalentto550m~gbwperday,onthtbasisofnducedbody-wcight 
gain and increased relative liver weight at 10 000 ppm (Shibata et al., 1985). 

Rats 
Sodium 2-phenylphenol (purity, 98.7%) was adrnir~istered in the diet to 30 male Fischer 344 

rats at a concentration of 20 000 ppm for up to 90 days. Interim sacriiices were performed at 3, 
7,14,30, and 65 days. Only seven rats pergroupwere permitted to live to 90 days, at which time 
they were killed. The lesions seen in the urinary bladder epithelium were increased mitosis 
beginning at 3 days and thickening (i.e. simple hyperplasia) beginning at 14 days. No tumours 
were observed in the bladder. A NOAEL could not be identified since lesions were observed m 
the bladder at 20 000 ppm, the only dose tested (hik et al., 1983). 

Groupsof 1Omaleand l0femaleFiicher344ratswerefeddietscontainingO, l250,2500,5~, 
10 OOO,2OOOO,or4OOOOppmofsoditnn2-phenylphenol(putity,~95%),equaltoO,85, 180,350, 
710, 1400, and 2500 for males and 0,87,180,350,690.1300, and 2400 @kg bw per day for 
females, for 13 weeks. The rats wtrc observed daily for changes in general condition and were 
weighed weekly; the amounts of feed and water commmed were measured on3dayseWyother 
week;Nodeathsoccurredduringthestudy.A15-1%decfeasein~-~~t~wassanin 
anEmalsatdosM15000ppm.Urinarybladdahmrounoccunadin~eratsatfiequeDciesofl/]O 
at 10 000 ppm, 9110 (five transitionaEcell carcinomas) at 20 000 ppm, and l/10 at 40 000 mm. 
Six rats at 40 000 ppm had pyelonephritis. In female rats, the fieque&es of hnaoyrs were O/l0 
at 20 000 ppm and 2/l 0 @apillomas only) at 40 000 ppm. No bladder calculi were observed in this 
experiment. The NOAEL was 2500 ppm, equal to 180 mg/kg bw per day, on the basis of reduced 
body-weight gain at 5000 ppm (Iguchi et al., 1979; Hiraga & Fujii, 1981). 

Guinea-pig 
Sodium 2-phenylphenol (purity, 99.1%) was applied to the clipped skin of 10 male HutIcy 

albino guinea-pigs as a O-4-ml aliquot of a 0.5% suspeMionindistiIkdwaterat3-wedrinmti 
for induction. Two weeks after the last dose, a challenge of 0.4 ml of a 0.1Y0 solution of the 
compound in distilled water was applied to the other side of the animals. No aythema occumd 
at the test site. The animals gainedweightthmughoutthestudy. The authcrconcludedthat sodium 
2-phenylphenol did not cause delayed contact II ypemnsitivity (Gilbert, 1994c). 

Rabbits 
Sodium 2-phenylphenol diluted 1:200 with distilled water WIIS instilhd into the eyes of six 

rabbits 
The authors 

(strain not given). Temporary, 
concluded that the comp

mild 
ound 

conjunctival reactions were obsuved 
slightly Mated the eye (Davies & 

int&e 
Li-

a&n&. 
1973.). 

(c) Long-term studies of to&i@ 
2-Phenylphenol 1 
Mice 

and cadnogenicity 

Groups of 50 male and 50 female B6C3F1 mice were fed diets (concentrations not given) 
supplying 2-phenylphenol (purity, 99.9%) at doses of 0,250,500, or 1000 m@kgbw per day for 
2 years. A satellite group of 10 male and 10 female mice at each dose was maintained on the diets 
for 12 months and then necropsied. All mice were observed at least once daily for overt signs of 
toxicity, and a thorough clinical examination was performed at least once a week throughout the 
study. Body weights and feed consumption were recorded weekly for the first 13 weeka and 
monthly thereafter. The diets were prepared weekly or every other week, with adjustments ofthe 
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. 

2-phenylphenol concentration according to group mean body weights and fted consumption to 
maintain the desired doses for each group. 

Clinical signs and mortality rates were unaffected by treatment, but decrease d body weights 
(by 620%) and weight gain (by IO-38%) were seen in all treated groups except for males fed 
250 m&kg bw. Haematological, clinical chemical, and urinary parameters in mice neeropaied at 
12and 24 months showed no consistent, toxicologicahy significant alterations ind&ive of target 
organ toxicity. Changes in the weights of the adrenal glands, brain, heart, kidneys, liver, testis, and 
spleen which were found to be statistically significant were confounded by the marked decmase 
in body weight. Nevertheless, the consistent &eases in the absolute andIor relative weights of 
the liver at all doses suggests a treatment-related effect Gross observations at necropay in males 
atthehighdoseat 12monthsaadinmalesattbeitrrmodiateendhighdosesat24montbssbowod 
8 slight increase in the number of mice with liver masses or nodules. Microscopic examination of 
tbe livers of mice at 12 and 24 months revealed treatumt-rclatede&ctsatalldoses.The 
cytoplasm of hepatocytes stained homogeneously, indicating liver enzyme induction, but there 
was no evidence of degeneration or neeroais. The microscopic cluqges were dose-r&ted and 
resembled those associated with adaptation to metabolic demands. An &reased incidence of 
eosinophilic hepatocellular foci was also observed in males at 100 and ZOO m#cg bw per day. 

Males fed 1000 mg/kg bw per day and necropsied at 12 months had a slightly increased 
incidence of hepatocelluiar adenoma. At 24 months, a statistically s&n&ant increase in the 
number of males with: hepatocellular adenoma was seen at 500 (n = 40) and 1090 (n = 4 1) m#cg 
bw per day, the incidence in controls being 27150. Low incidences of a variant form of 
hepatocellular carcinoma (hepatoblastoma) were observed in all treated groups of males (2/50 at 
250mg/lcg bw per day, 6/50 at 500 m@kg bw Per day, and 3/50 at 1000 mg/kg bw Per day ver~pus 
O/50 in controls), but the incidence of hepatocehular carcinoma was not significantly increased at 
any dose. The combined incidence of hepatoblastoma and hepamcebuiar carcinoma was alao not 
significantly increasedinthemalemice.Theprimarynon-mmoumus microscopfcc~intbe 
livers of male mice, which appeared to have been adaptive, uhimately resuhed in the promotion 
of hepatocellular adenomas. The incidences of tumours in other tissues were not statiaticatly 
significantly &teased The livers of fmnale mice showed similar microscopic adaptive changes, 
but none of them had hepatoblastoma, and no statistically s&n&ant increase in the incidence of 
tumours in any tissues was found. Decreased incidences of microscopic lesions when compared 
with controls were found in the adrenals, kidneys, lungs, oral tissues, pancnasiperipheralnerve,
spleen, and testis of males and in the kidneys, hmgs, and nasal tissues off&. These findings 
were considered to reflect normal variation and the decmased body weights of the &e and not 
aprimaryresponseto2-phenylphenol.ANOAELfortoxicitycouldnotbeiden~ed.‘L’heNO~ 
for carcinogenieity was 250 mg/kg bw per day on the basis of an &mnsed i&ence of 
hepatocellular adenomas at 500 mg/kg bw per day (Quast & M&u& 1995). 

Rats 
2-Phenylphenol (purity, 98%) was administered in the diet at concemrations ofO,6300,13 000, 

or 25 000 ppm, equal to 0,320,650, and 1300 rn8/kg bw per day to groups of 20-24 male Fischer 
344rats(CharlesRiver)for91 wetlcf.Thepaceatagesurvivalwls%,90,71,~65%inthefour 
groups, respectively. In the rats that $ied during the study, the incidencea of urinary bladder 
tumourswereO/l incontrols,O/2at63OOppm,717at 13OOOp~m,andO/8at25OOOppm.Bladder 
lesions were found in 1 O%, 960/o, and 48% of rats at the three doses, respectively. Tbe incidences 
ofurinary bladderpapillomasandtransitional-ct~carcinomaswae~~4 at 13 OOOppmand4I23 
at25000ppm.ANOAELcouldnotbeidtntifiedsincebladderlesionswmseenatslldoscs~~ 
(Hiraga, 1983a; Hiraga & Fujii, 1984). 

Groups of 70-75 male and 70-75 female Fischer 344 rats were fed diets containing 2-
phenylphenol (purity, 99.5%) at concentrations of 0,800,4000, or 8000/l 0 000 ppm, equal to 0, 
39,200,and400mg/kgbwperdayformalesand0,49,240,and650mglkgbwperdayforfemalcs, 
for I year before interim sacrifice of satellite groups of 20 rats per dose and for 2 yeara for the 
remaining 50 rata of each sex. The animals were observed daily and were examined weekly for 
clinical signs of toxicity. Each animal was weighed once a week and also immediately before 
necropsy to allow calculation of organbody weight ratios. Food consumption was measured 
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weekly. Blood and overnight urine samples were collected at 3,6,12,18, and 24 months from the 
first 20 surviving rats of each sex in the group scheduled for sacrifice at 2 ytars. Any dead or 
moribund animals were prepared for necropsy, and all surviving animals were killed at the end of 
the test periods. 

A5%decreaseinbody-weightgainwasseeninanimalsat4OOOppm,andadecreaseofll% 
was seen in males at 8000 ppm and in females at 10 000 ppm. Food consumption was unaffected 
in all groups. Minor clinical and gross obserWions inch&i an increased incidence of abnormally 
coloured urine, urine stains, and red stains in male rats given 8000 ppm Z-phenylphenol and an 
increasedincidcnceofurineandbrownstainsinfemaleratsgiven4OOOor lOOOOppm.Therewere 
no treatment-related changw in ophthalmok@cal, haematological, clinical chemicai, or urinary 
parameters, except for ti increased incidence of blood in, the urine of males at 8000 ppm. The 
mortality rate was slightly increased among males at 8000 ppm. Gross pathological exanrination 
showe$ increased incidences of urinary bladder masses in malts fed 4000 ppm for 2 years or 
8000 ppm for 1 or 2 years and increased incidence of pitted zones and abnormal texture of the 
kidney in females fed 10 000 ppm for2 years. Hiitopathological -on sbowcdhyperplasia
and transitional-cell carcinoma in the urinary bladders of males fed 4000 or 8000 ppm far 1 or 
2 years, the increase being statistically significant at 8000 ppm and of borderlime significance at 
4000 ppm. The NOAEL for toxicity was 800 ppm, equal to 39 m&g bw per day, on the basis of 
reduced body-weight gain and hyperplasia in the urinary bladder at ail dosca. The NOAEL for 
carcinogenic& was 800 ppm, equal to 39 mg/kg bw per day (Wahle & Ch&er~~ 1996). 

Sodium 2-phenylphenol 
Mice 

Sodium 2-phenylphenol (purity, 97%) was administered in the diet to groups of 50 male aud 
50 female B6C3F1 mice (Charles River) at amcen trations0f0,5000,10000,or20000ppm,equal
to 0,590,1400, and 3000 m@kg bw per day for males and 0,780,1500, and 3100 mg/kg bw p 
day for females, for 96 weeks. The mice were then given control diet for an additional 8 weeks. 
The survival rate of males at the high dose was slightly decreased Decreasedbodyweightwas 
observed in males and females at 20 000 ppm and in females at 5000 and 10 000 ppm. Alkaline 
phosphatase activity was increased in females at 5000,lO 000, and 20 000 ppm. No urinary 
bladderstones,tumours,orextensiverenaldamagewereobservedinanyofthemice.TheNOAEL 
for carcinogenicity was 20 000 ppm, equal to 3000 mgflrg bw per day, the highest dose tested (ho, 
1983% Hagiwara et al., 1984). 

Rats 
Groups of 20-21 male and 20-21 female Fischer 344 rats wart fed diets containing 41250, 

2500,5000,10 000,20 000, or 40 000 ppm of sodium 2-phenylphenol as the tetrahydrate @u&y, 
> 95%), equivalent to 0,70,140,270,550,1100, or 2200 m@g bw per day, for 91 weeks. The 
rats were observed daily for changes in genexal condition. The survival rates were 90,90,95,90, 
9O,57,and71%forthesevengroups,~vely.incmasedincidenceaofurinarybIadderpapi~
lomas and transitional-cell carcinomas were seen, with l/21 at 5000 ppm, 7/21 at 10 000 ppm, 
20/2 1 at 20 000 ppm, and 17/20 at 40 000 ppm. Transition&e11 carcinomas of the kidney were 
also observed at doses 2 5000 ppm. The NOAEL was 2SOOppx1, equivalent to 270 mg/kg bw per 
day, on the basis of the increased incidence of urinary bladder tumours (Hiraga & Fujii, 1981). 

Groups of 50 male and 50 female Fischer 344DuCrj rats were fkl diets containing 0,7000, 
or 20 000 ppm (males) or 0,5000, or 10 000 (females) of sodium 2-phenylphenol (purity, 95.5%) 
for 104 weeks followed by control diet for 2 weeks. In a second study, groups of 25 male and 
25 female rats were fed diets containing the compound at 0,2500,7000, or 20 000 ppm, cq~al to 
0,95,270, and 770 mg/kg bw per day, for males, and 0,2500,5000, or 10 000 ppm, equaf to 0, 

1 IO, 220, and 470 mg/kg bw per day, for females, for 104 we&s Mowed by control diet for life. 
The survival rate at week 104 was 20% in males at 20 000 ppm in the first study and 24% in 

the second study, while those in the other groups were > 50%. Urinary bladder tumours were 
observed in the first study in 2J50 males at 7000 ppm, 47/50 males at 20 000 ppxn, l/50 f&&s 
at 5000 ppm, and 4/50 females at 10 000 ppm. In the second study, the bladder tumour incidence 

2-PHENYLPHENOL AND ITS SODIUM SALT 201-237 JMPR 1999 



213 


was 3/25 iq males at 7OOOppm, 23/25 in’*es at20 000 ppm, and 2/25 in femaks at IO 000 ppm. 
In the first study, transitional-cell carcinomas were found in 20 males at 7000 ppm, 46/47 males 
at 20 000 ppm, and l/4 females at 10 000 ppm. In the second study, carcinomas were found in l/J 
malesat7000ppm,21/23malesat20~ppm,and1/2femalesat10000ppm.Theincidenceof 
bladdertumaurswasthusdost-d~~~TbcNOAELwas2500ppm,equalto95mgflrgbwptr 
day, on the basis of urinary bladder pours at all doses (Hiraga, 1983b; Fujii & Hiraga, 1985). 

A working group convened by the &&national Agency for Research on Cancer @ARC) 
classified sodium 2-phenylphenol as possibly carcinogenic to humans and 2-phenylphenol as not 
classifiable as to its carcinogenicity to l&mans (IARC, 1987,1999). _’ 

(d) Genotoxiciv 
The results of tests for the genotoxicity of 2-pbenylpbenol, sodium Z-phenylphenol, and the 

metabolites phenylhydroquinone and p&nylkzoqGnone are summkzed in Table 2 

Covaleatbindingto~bladderDNAwas~~invivoinpoolGdsamplesfromeight 
male rats dosed with 500 m#kg bw of [“C]2-phenylphenol (purity, 99.8%) or WJsodium 2- 
phenylphcnol (purity, 98.7%). No radi&@el was deteckd in DNA from bladders excised 16 h 
after dosing with either compound The detection limit was less than one alkylation per 10‘ 
nucteotides. Identical results were obtained in a second experiment (Reitz et al., 1983). 

The reactions of 2-phenylphenol and its metabolites phenylhydroqukne and phenylbenzo- 
quinone with DNA were investigated by a sequencing technique and by ultraviolet-visible and 
electron spin resonance spectrascopy. I& the presenw of CUCII), phenylhyckoqkkone caUitd 
extensive DNA damage. &take, methionine, and methional inhibited the DNA damage 
completely, whereas mannitol, sodium&mate, ethanol, tert-bntyl alcohol, and superoxide 
dismutase did not. Phenylhydroquino+ #us Cu(lI).fkquently induced a piperkline-labile site at 
thymineandguaninercsictuts.AdditionofF~,Mn(II),Co(II),Ni(n),Zn(lIXCdO,orPbOl) 
to phenylhydroquinone did not induce DNA damage. This metabolite also induced DNA damage 
in the presence of Cu(lI) when peroxidti‘was added, and Cu(II) accelerated the autoxidation of 
phenylhydroquinone to quinone. Electron spin resonance spectroscopy revealed that the 
semiquinone radical is an intermediate tithe autoxidation. Cat&se didnot inhibit the acceleration 
by Cum. Superoxide dismutase promoted both the autoxidation of phenylhydroquinone and the 
initial rate of semiquinone radical production. Electron spin B trapping-~
addition of Fe(II1) produazd hydroxyl radicals during the autoxidation of phenylhydmquinone, 
whereas addition of Cu(Il) did so sparixigly. The results suggest that DNA damage induced by 
phenylhydroquinone plus Cu(l’I) is due toactive species other than hydroxyl fkee radicals (Iuoue 
et al., 1990). ‘. 

DNA adduct formation in HL-60 Cells treated with the 2-phenylphend metabolites 2- 
phenylhydroquinone and 2-phenylbenzoquinone was studied by q-postlaballing. Treatment 
with 25-500 pmolk of 2-phenylhydmquinone for 8 h pmduced one prkpal and three minor 
adducts, with a relative distribution of 80,10,6, and 4%. The relative adduct &equeneies were 
0.26-2.3 adduct.s/107 nucleotides. Treatmknt with 25-250 pmol& of 2ghenyknzoquinone for 
2 h resulted in a similar level of DNA modification and adduct distribution. Reaction of purifidd 
calf thymus DNA with 2-phenylbenzoquinone produced one DNA adduct, which did not 
correspond to the major adduct produced in HL-60 cells. These results show that both metabolites 
can form DNA adducts. Peroxidase activation of Zphenylphenol may therefore play a role in its 
carcinogenic effect (Horvath et al,, 1992). 

In a similar study of covalent binding to DNA, Up-postlabelling analysis of the products of 
reaction of DNA with phenyibenzoquinone revealed four major and several minor adducts. 
Chemical reaction with deoxyguanosine 3 ‘-phosphate also resulted in four major adducts, and 
their chromatographic mobility was identical to that of major adducts of phenylbenzoquinono- 
DNA, which were shown to be stable. More total covalent binding was found in deoxyguanosine 
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Table 2. Results of studies of tbr gtmotoxicity of 2-pbtnylpbenol, sodium 2-pbenylpbeuol, and the 
. metabolitts pbenylbydroqainone and pbenylbcnzoquinone 

End-point Tut object 
t;;;* 

Remit 

Z-Ph&hlWl 
In vhm 
DNA strand breaks E. di plumii NCgUiVt49 NyriU~W!40) 

DNA ‘+-
portlabelliig 

Rat ha DNA msii+s9 
Nqativc-SP 

-~Roy(lQm 

DNA binding Calftbymus DNA 4olllnKuL Pwitlve+s9 
Negative-S9 

ualtiyawarL(1992) 

Gene mutation B. Sublilh H17. M45 NR Ncptivc shinaUd(1978) 

Gate mutation IO-Kloo~gfpbte lshiaeUrL(lP83) 

Gaamutatim NR gg+g !sbimnetd(lP7a) 

Gencmuuioa 34001rslpkpa ,99 Ntptk+SP
wdlypwitive+sP 

NshldTox&dogy
pIolnm(lPfl6) 

Gene mutuion 

Gene tnutatiml NR 

>99 Pwith-SP 

NR w*ptURiVB+ 
WaL)ypit+-

igzztg 

25475 rJml >99 -+s9 
NligUiW-Ii!3 

>PP 
abenation 

HOSt-mCdhd NR 
genenmmtlon 

Im viva 
Scat-liakd >99 
recessive ktbd 
mutation 

DNA binding r9P 

DNA =I’- BP9 
postlabeRiag 

NR 

Dommant 
mutation 

ktbd KwdaUal.(lP78) 

Dominant 
mutation 

kthd sbhattual.(l978) 

So-S~clslpLtc NR kbidak et al. (IPIn) 

o.o2s25o&phte 99 ReiaaaL(l983) 
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Table 2 (contd) 
End-point Testo+t comntntia, Pwily

WI 
lo-‘-wmol5 99 

.99 

97 

w-WlnouL >99 

DNA ‘P-
9ostl8bclliag 

Rat liver DNA loOjU?BDVL NR 

DNli biinS 40 mmoVL a99 

Gene mutation 6-125jlmoa UR 

l-25 pghnl UR 

S-15Op&Il 298 

CHO-Kl cells 0.340 llld!L r9a 

s--1sop&w 796 

0.340 jnnda. 

Miaonuekw 
fomuciap 

6-12s)uadh NR 

In viw 
DNA demsgs 99% 

DNA Up-
pmtkbellily 

UR 

g*Q@-
DNAstmndbuaks &. caliphsmid loCl(rUWL a99 

DNA binding Cslf thyann DNA 4onlmouL >99 

O.OS-Iodb UR 

6-12SpmdL UR 

I-2.5 rJml tat 
abemtion 

Micraluckus V79Cli 6-125 WUL Nit 
fomvtion 76blnbleMccls 

f uacbidomic acid 

In vivo 

DNA damage wmturinsly
bhdda 

0.ooos-q.1%
by injcctwa 

99% 

Rdt 	 Refamce 

Rcikctrl.(1983) 

MarimotoUJ. (1989) 

2-PHENYLPHENOL AND ITS SODIUM SALT 201-237 JMPR 1999 



216 

3 ‘-phosphate than in DNA. Reaction of DNA with 2-phenylphenol or pher@hydro@none in the 
presence of microsomes and NADPH or cumene hydroperoxide also resulted m four major 
a&&& andtheir formation was drastically decreased by known inhibitors of cytochrome P450. 
The chromatographic mobility of these adducts matched that of the adducts observed in 
~xyguanosinc 3 ‘-phosphate and DNA reacted with phenylbenzoquinone. Thus, both 2-phenyl- 
phenol and phenylhydroqumone can bind covalently to DNA in the presence of a microsomal 
mo&rcn-ne P45O activation system, and phenylhenzoquinone is one of the DNA-binding 
metabolites of 2-phenylphenol (Pathak gi Roy, 1992). 

Covalent modification of skin DNA by sodium 2-phenylphenol in viva was studied by the 32P- 
postlabelling method to elucidate the biochemical mechanism of promotion of chemically 
induced skin carcinogenesis by this compound. Topical application of sodium 2-phenylphenol or 
p&nylhydro+none to tbe skin of CD-1 mice Produced four distinct major and several minor 
a&c& in skin DNA. Total covalent binding in skin DNA was 0.3 1 fmollpg DNA after treatment 
with 10 mg of sodium 2-phenylphenol and 0.62 finol/pg DNA with 20 mg. The adducts were not 
o~eclinskinDNAofuntreatedanimals.~ tofthemicewitb~napbthylisothiocyana~ 
an inhibitor of cytochrome P450, or indometbacin, an inbiiitor ofprostaglandin synthase, resulted 
in lowenunnben ofDNA adducts. Incubation otDNAwith2-phenylphenol or$enylhydn&none 
in vitro in the presence of cytocbrome P45Oor prostaglandin synthase activation systems resulted 
in four major adducts. The pattern of chromatographic mobiiity observed in vitro jn tbc presence
oftheseenxymaticsystemsappearedtobesimilartothatofadduckfn%?iVv. Thechemic&eaction 
&DNA or deoxy guanosine monophosphate with phenylbenzoquinone also resulted in four major 
and several minor adducts. The four major addncts were identical in chromatogmphic mobility to 
the four major adducts produced in tiw and in v&o. The results show that 2-phenylphenol and 
phenylhydroguinone can bii covakntly to DNA and that one of the DNA-binding metabolites 
of 2-phenylphenol may be phenylbenxcqninone (Path& & Roy, 1993). 

(e) ReproductiveJoxici~ 
(i) Multigenemtion reproductive toxicity 

2-Phenylphenol 

Rat3 


~upsof35albinoSpraguaDawieyrats,nineweeksoldattbesbutoftbestudy,wcn~diets 
containing technical-grade 2-phenylphenol (purity, 99.4-99.5X) at concentrations of 
20~lOOOOppm,equaltoO,36, 120,~460mgflrgbwptr&y,fortwogenartions.Tbedose
was .adjusted during the Premating period accordmg to changes in body weight, and adjustments 
were made during lactation to avoid overdosing the pups, although this was later considered 
unnecessary. Two F, females at the high dose and 12 Fb pups were removed f+om the study for 
examination of the heritability of bypotrichosis. Parents (FJ fat the F , generation were assigned 
randomly to dose groups. The genealogy of the FI, Pups was checked to Prevent the mating of 
litter-mates. For production of the F2 generation, 132 male and 134 female Fib pups were g&ctd 
raw.Iomly,one or more pups of each sex per litter being used as pumts (F,), divided into 35 pain 
of rats per dose, except for the controls which consisted of 27 males and 29 fwes, Eatrus cycles 
were studied by vaginal smears. The animals were exami& daily, and routine oheervations of 
birth statistics and pup weights were ti the litters were culled to eight pupa when v. 
Standardobservationsandextensivehistologicaloraminationoftbt~tract~carriedout 
at sacrifice. 

Treatment did not affect clinical signs, body-weight gain during gestation or lactation, or any 
of the reproductive variables examined. Histological examinationof the adults and pups revealed 
no significant changes in the reproductive tracts. F0 and F, adults at 460 mgikg bw per day showed 
atreatment-related decrease in body weight which was not clearly related to a decrease in fm 
consumption, and Fib, FL, and FZb pups showed a statistically significant decrease in b+wej&t 

on days 14 and/or 21 of lactation, an effect not seen during the first week of lactation, indicating 

that development had not been dishubed. The relative weight of the kklncys was increased in a 
dose-dependent manner, in tbe absence of changes in other organ weights, in males of the F0 and 
F, generations. Male rats at 120 and 460 mgkg hw per day had an increased incidence ofcalculi 
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jn the urinary tract. Transitional-cell hypcrplasia was found in the urinary bladder, defmed in the 
report as ‘an area (focal or diffise) of at least three to four cells thick (of cub&al cells) in an 
inflated bladder’, whereas normal bladders had a ccl1 thickness of one or two .flattened cells, 
Quantification by simple morphometry indicated a compound-related effect in the bladder in F. 
m&s and females at 120 and 460 mg/kg bw per day and in F, males at 457 mg/kg bw per day. 
~eoplasms of the urinary tract were found in four rats: one bladder and one urcteric tumour in rats 
at 125 mg/kg bw per day and two bladder tumours in rats at 457 mg/kg bw per day. TheNOAEL 
for reproductive toxicity was 460 mg/kg bw per day and that for carcinogenicity was 36mgntg bw 
per day (Eigenberg, 1990). 

In a similar study, groups of 30 CD Sprague-Dawley rats were fed diets containing technical-
grade 2-phenylphenol (purity, 99.5-100%) at concentrations of 200-10 000 ppm, equal to 0,17, 
92, and 460 mgikg bw per day, for two generations The dose was adjusted during the premating 
period according to changes in body weight. The F. and F, adults received the compound in the 
diet throughout the study, beginning at 7 weeks of age for the F0 adults and at weaning for the F, 
adults The animals received treated feed for 10 weeks before breeding, beginning approximately 
2 we& after weaning of the last Fib litter for F, parents. F. adults were mated to produce the F,, 
and Ftb litters, and F, adults (consisting of randomly selected FIL pups) were mated to produce the 
Fti and Fzb littersAdult animals were evalulted during the study for effects of 2-phenylphenol on 
body weight, food consumption, clinical signs, estrous cycling, mating, fertility, length of 
gestation, and litter size. The offspring were evaluated for effects on sex ratio, viability, body-
weight gain, and clinical signs. Gross nccropsy was petiormed on all adults and pups, and the 
repmductive organs, pituitary, kidneys with ureter attached,urinary bladder, and gross lesions of 
all Fmand F, adults were ev&ated histologically. 

At 460 mg/kg bw per day, urine staining was observed in F. males and females and Ft males, 
urinary bladder calculi were found at necropsy in F, adult males, and one Female died l?om renal 
failure. At this &se, there was an increase in food consumption by females during lactation, 
decreased pup weight, and a decrease in the terminal body weight of F. and F, adult males and 
females. Histopathological examination of the kidneys revealed debris in the renal pelvis, chronic 
active inflammation, and increased severity of background lesions in F0 and Ft males. Further, 
transitional-cell hyperplasia (simple, nodular, or papilary) of the bla&Ier, calculi, chronic 
inflammation of the bladder, and dilatation and hyporplasia of the ureter were seen in F0 and F, 
males. Two F, males at this dose had malignant iymphomas in several tissues. One F, female at 
92 mg!kg bw per day had a nephroblastoma, and one Female at the high dose end one control F, 
female had a pituitary adcnoma. Ail of these lesions ware consider& to be incidental to treatment. 

There were no treatment-related effects on adult reproductive parameters and no effect on litter 
size, sex ratio, the number of stillborn pups, pupviability, or clinical signs, no gross lesions in the 
pups, and no treatment-related effects on the organ weighta of adults. The mean live birth indexes 
(with shndard error) were 98 (0.91) in the controls, 99 (0.77) at 17 mg&g bw per day, 98 (1.3) at 
92 mglkg bw per day, and 98 (0.85) at 460 mg/kg bw per day in the Ft, generation; 98 (0.85) in 
the controls, 98 ( 1.5) at 17 mgflcg bw per day, 99 (0.71) at 92 mg/kg bw per day, and 99 (0.63) at 
460 mg/kg bw per day in the Ftb generation; 99 (0.84) in the controls, 98 (1 .O) at I7 mg/kg bw per 
day,97(1.4)at92mg/kgbwperday,andl00(0.38)at460mg/lrgbwperdayintheF,gennation; 

-and 97 (1.2) in the controls, 99 (0.78) at 17 mg/kg bw per day, 96 ( 1.9) at 92 m&g bw per day, 
and 99 (0.46) at 460 mgikg bw per day in the Fa generation. The differences between the group 
were not statistically significant. The NOAEL for reproductive toxicity was 460 mg/kg bw per 
day, the highest dose tested. The NOAEL for systemic and developmental toxicity was 92 mg/kg 

bw per day, on the basis of decreased body weight and morphological lesions in the kidneys, 
urinary bladder, and ureter and a decrease in pup body weight (Eigenberg, I 995). 

(ii) Developmental toxicity 

2-Phenylphenol and sodium Z-phenytphenol 

Mice 


Groups of 20-21 pregnant JCL-ICR mice were given 0,1500,1700, or 2 1 OOmg/kg bw per day 
of 2-phenylphenol (purity not given) or 100, 200, or 406 mgkg bw per day of sodium 2-
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phenylphenol (purity not given) by gavage on days 7-15 of gestation. The animals were weighed 
daily, and any change in their general coddition was noted. On day 18 of gestation, the dams were 
killed and their uteri opened, and the numbers of implantation scars, fetuses that died in early and 
late stages, and live fetuses were counted. The live fetuses were weighed and sexed and observed 
for external abnormalities. The number of corpora lutea in each ovary was coullttd, the major 
organs were weighed, and examinations were made to determine whether any macmscopic 
abnormalities were present. 

With2-phenylphenol,body-weightgai.nwasreducedat17OOand21OOmg/kgbwperday.Four 
damsat 1500mg/kgbwperday,sevenat 17OOmg/kgbwperday,and 16 at2100mg/kgbwper 
&y died. stagnancy was confirmed in 515 surviving dams at 2100 mg/kg bw per day, 14/14 at 
1700 mgn<g bw per day, 14/17 at MOO mg/lcg bw per day, and 20/21 controls, in which 
implantation was confirmed at the time of sacrifice and lapamtomy on day 18 of gestation. The 
only significant changes found at autopsy of these mice were reduced heart weights at 1700 and 
2 100 mgn<g bw per day and significantly imzased liver weights at 1500 and 1700 mg/kg bw per 
day, a tendency that was also seen at 2100 mg/kg bw per day. Live fetuses were found in all 
pregnantdams.Thtbodyweightsofmaleandfemalefetusesatrllthreedosts of2-phenylphenol 
were significantly reduced, and the decrease was dose-related in males. No unique external or 
inted deformities or abnormalities were found in the fetuses, and the skeletal abnormalities 
found were compatible with delayed development. No NOAEL could be identified for matemal 
or fetotoxicity. The NOAEt for developmental toxicity was 2 100 m@kg bw per day, the highest 
dose tested. 

Witi sodium 2-phenylphenol, body-weight gain was statistically significantly reduced in a 
dose-dependent manner in dams at all doses. Four animals at 200 m&g bw per day and 16 at 
~m~gbwper&ydiedNoabnormalitie~~ere~eenatwtopsyof~s0nday18ofg~~
Significantly reduced liver, heart, and spleen weights were reco&d in animals at 400 mg/kg bw 
per day, while the weight of the lungs was I ‘naeaSedindMlSat2oOII@kgbWpcrday.~at 
200 q/kg bw per day had a low average number of implantations and a low average number of 
live fetuses. No NOAEL could be.identified for maternal toxicity. The NOAEL WBS 100 mgkg 
bw per day for fetotoxicity and 400 m@g bw per day, the highest dose tested, for developmental 
toxicity (Ogata et uL, 1978). 

2-PhenyZphenol 
R&S 

Groups of 18-20 pregnant Wistar rats were given 0,150,300, DT 600 mg/kg bw per day of 2- 
phenylphenol (purity, 99.79G)by gavage on days 6-15 of gestation. An additional group of 11 rats 
was given 12OOmg/kgbwperday, but this doseproved to be leth&Nountoward signsoftoxicity 
were observedinthecontrolsorat 15Omg/kgbwperday.Atdoses23OOmglkgbwperday, dose-
related ataxia and decreased mean body-weight gains were observed. AU surviving rats were 
killed on day 20 of gestation, and the uterine contents were examined, Fetuses were grossly 
examined, the skeletons were examined with Alizarin red S and the viscera by a modified Wilson 
method. The mean numbers of implantation sites, live fetuses, resaptionq and fet&l weights in 
animals at 150 and 300 m&g bw per day were comparable to those of controls, but at 600 m@kg 
bwpn&ythenumbtroff~nsorptionswasincrqasedandfe~weightwasdecrrasedAlthough
afewfetaianomalieswgeobservedinallgro\ips,dreydidnotappesPrtobcnlatedtotreatmcnt. 
The NOAEL was 150 mg/Lg bw per day for maternal toxicity, 300 m@kg bw per day for 
fetotoxicity, and 600 mg/kg bw per day, the h&best dose tested, for developmental toxicity 
(Kaneda et al., 1978). 

In a similar study, groups of 25-35 pregnant rats were given 0,100,300, or 700 mg/kg bw pef 
day of 2-phenylphenol (purity, 99.7%) by gavage on days 6-l 5 of gestation. They were killed on 
day 2 1, and the fetuses were removed surgically. All fetuses were weighed, sexed, and examined 
externally and skeletally, and the sof? tissues of approximately one-thiid of the fetuses wefe 
examined. One rat at the high dose died as a result of a dosing accident. Pregnant rats given 
700 mg/‘kg bw per day gained significantly less body weight during the first 4 days of treatment 
(days 6-9 of gestation) than did controls, and their food consumption was significantly decreased 
on days 9-l i of gestation. At necropsy, the weights of the liver (but not the 1iver:body weight 
ratios) were significantly decreased. There was no effect on the number of implantation sites per 
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dam, mean litter size, incidences.of resorptions, or fetal body weight or crown-nun p length. The 
only major malformation-hypoplastic tail and missing sacral and caudal vertebrae-was 
observed in a single fetus at 300 mg/kg bw per day. An increase in the incidence of delayed 
ossification of stemebrae and unossified stemebrae was observed at 700 mg/kg bw per day. The 
incidaces offoramina and bony islands in the skul1 were also slightly imxeased in this group. No 
adverse effects on embryonic or fe+l development were observed that were considered to be due 
to 2-phenylphenol. The NOAEL was 300 mg/kg bw per day for matemal toxicity and 700 mg&g 
bw per day, the highest dose tested, for fetotoxicity and developmental toxicity (John et al., 1981). 

Rabbits 
In a range-finding study, groups of two non-pregnant New Zealand white rabbits were given 

doses of 0,100,500, or 1000 mgfl<g bw per day of 2-phenylphenol (purity, 99.8%) in corn oil for 
13 consecutive days and were submitted to gross necropsy after the last day. The animaIs were 
examined for clinical signs, body weights, body-weight gaiq kidney and liver weigh& and gross 
appearance. The rabbits at 1000 m@g bw per day appeared to have stopped eating and had lost 
24%oftheirbodyweightbyday7.Oaerabbitatthisd~ditdondriy8,~dthestcand~killed 
jn moribund condition on day 10 with nonspecific lesions or lesious 8ccolllduy to anorexia. 
Rabbits given 500 m&/kg per day showed a slight decrease in body-weight gain. AU the other 
rabbits survived to the end of the study with no other treatment-reIated d]Tecu. The dose of 
100 m&kg bw per day was tolerated over the course of treatment . 

In the second study, groups of aeven artificiallly insemiiated females were given 0,250,5OO, 
or 750 mg/Icg bw per day of 2-phenylphenol (purity, 99.8%) in corn oil by gavage ou days 7-19 
of gestation. They were observed for clinical signs, body weight, and body-weight gain. On day 
20 of gestation, all surviving animals were killed and exam&d for gross pathological alter&us 
and changes in liver and kidney weights. The uteri and ovaries were Examined for @&antatious, 
resorptions, and corpora lutea, and the Iiver, kidneys, and stomach were examined histologically. 
Dosarelatedsignsofmaternaltoxicitywereseenatalldosw.Onerabbitat250mglkgbwperday, 
two at 500 m&g bw per day, and six at 750 mgkg bw per day died. The dose-related effects 
observed included increased incidences of haemomhage, gaseous distension, and emaions of the 
stomach, decrea& or soft ingesta in the gastrointestinal tract, deueased body weight and body- 
weight gain, increased absolute and relative mean weights of the kidney, and &rcased incidence 
and/or severity of renal tubular degeneration and inGnunation. Treatment-related effects were 
observed on reproductive, embryonal, or fetal parameten at 750 mg/kg bw per day. 

In the third study, groups of 16-24 artificially inscmi~ted adult f&male New Zedand white 
rabbits weregiven 0,25,100, or250mg/kgbwperdayof2-phenylphenol (purity,99.8%)incorn 
oil by gavage on days 7-19 of gestation. They were observed for clinical signs, body weigh& aud 
body-weight gain. On day 28 of gestation, all surviving rabbits were killed and nccropsitd, when 
the weights of the liver, kidney, and gravid uterus and the numbers of corpora lutea, implantations, 
resorptions, and live and dead fehrses were recorded. All fases were removed i?om the uterus, 
weighed, sexed, and examined for external, visceral, and skeletal alterations. The kidneys of all 
animals were cxamincd histologically. Administration at 250 mg/kg bw per day resulted in 
maternal toxicity evidenced by treatment-related mortality (13%). gross patholegical alterations 
(ulceration and haemorrhage of the gastric mucosa, haemolysed blood in the &stinal tract, aud 
decreasedingesta),andhistopathoIogicalalteratians(~tubulardegencratianlmd).
No significant maternal effects were observed at 25 or 100 mg/kg bw per day, and no adverse 
embryonal or fetal effects were observed at any dose. The overall NOAELs were 100 mg/kg bw 
per day for maternal toxicity, 500 m&kg per day for fetotoxicity, and 750 r&g per day, &e 
highest dose tested, for developmental toxicity (ZabIotny et al., 1991). 

fl Special studies: Mechanisms of carcinogenicity in rat urinary bladder 
In a study to determine whether 2-phenylphenol is a complete skin carcinogen or a promoter 

in a two-stage initiation and promotion process, the compound was applied to the interscapular 
area of the backs of 50male and 50 f&ale Swiss CD-l mice at a dose of555 mg in 0.1 ml-one, 
three times per week for 2 years. A second group of 50 male and 50 female mice was treated 
identically except that their backs were pretreated once with 0.05 mg in 0.1 ml acetone of 7,12- 
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dimethylbenz[a]antcene @MBA), a known initiator of skin cancer. Additional groups of 
50 male and 30 female mice served as acetone vehicle controls, controls treated once with DMBA 
and thereafter only with acetone, and a positive control group treated once with DMBA and 
thereafter with 12-0-tetradecanylphorboll3-acetate (TPA), a known promoter of skin cancer, at 
a dose of 0.005 mg in 0.1 ml acetone, three times per week for 2 years. 

me mean body weights and survivai of the mice treated with 2-phenylphenol or with DMBA 
plus 2;phenylphenol were generally similar to those ofthe respective negative control groups, but 
the survival of the group given DMBA plus TPA was substantially decreased. In this group, the 
incidences of squamous-cell papillomas and carcinomas, keratocanthcnnas, and basal-cell 
carcinomas at the site of application were clearly increased (SUIOO) over that in the group given 
DMBA plus acetone( 1 S/l 00). The time to tumour was also substantially decreased in the group 
given DMBA plus TPA. Similar neoplastic skin lesions were obsened with DMBA plus acetone 
(I 7/l OO), but at an incidence equivalent to that in the control group (IS/l 00). No ueoplastic skin 
lesionswereobservedinthegroup ~ven2-phenylphenol.Theartthorconcludedthat2-pbenylphenol 
is not carcinogenic alone or as a promoter (Luster, 1986). 

The promoting effect of 2-pbenylphenol (purity, 98%) and sodium 2-phenylphenol (purity, 
970/o) in the urinary bladder was studied in male Fischer 344 rat initiated WithIV-nitrosobutyl-N- 
(4-hydroxybutyl)amine (NBHBA). Groups of 30 rats were given drinking-water containing 
0.01% NBHBA for 4 weeks and then diets containing 20 000 ppm of sodium 2-phenylphenol 
(equivalent to 1000 mg/kg bw per day) for 32 weeks, NBHBA for4 WC& followed by untreated 
feed for 32 weeks, or drinking-water without NBHBA for 4 waks followed by diet containing 
20 000 ppm of sodium 2-phenylphenol for 32 weeks. In another experiment, groups of 30 male 
rats were given 0.05% NBHBA in drinking-water for 4 weeks followed by diets containing 
20 000 ppm of sodium 2-phenylphenol or 20 000 ppm of 2-phenylphenol for 32 weeka, no 
NBHBAfor4weeks,andthen20OfIOppmofsodium2-pheny~phenol(15rats)or20OOOppmof
2-phenylphenol(15 rats) in the diet for 32 weeks. In a third experiment, gmupa of 15 rats were 
givendietscontainingO,20000ppmofsodium2-p~y~h~oI,or20OOOppmof2-phenylpbenol. 
Urine samples were obtained from these rats by forced urination on days 27,29, and 32. 

Administration of 20 Ooo ppm sodium 2-phenylpheuol in the diet significantly &reased the 
incidence and number of preneoplastic lesions (papillary or nodular hyp@asia) per 10 cm of 
basementmembraneoftheurinarybladderinmaieratspretreatedwith100pgmNBHBA,andtbe 
incidence and number of papillomas and carcinomas of the urinary bladder in the group pretreated 
with 500 ppm NBHBA. Moreover, treatment with sodium 2-phenylphenol alone, without 
initiation, induced papillary or nodular hype@&, papillomaa, and earciuoma. ~coatrast,
administration of 2-pbenylphenol in the diet after initiation only slightly increased the incidence 
of urinary bladder lesions over that with NBBBA alone, and its effect was not stati&~ly 
significant.Notumou.rsoftheurinarybladderwereinducedby2-phenylplmnolalone. Theauthors 
concluded that sodium 2-phenylphenol, and not 2-phenylphenol, has turnour promo&g activity
and might be a complete carcinogen in rat urinary bladder. Since the aodium salt &reased the pi 
oftheurjne,the authors speculated that anactivemetabolitereachestheurinary bladdcr&ahigh~ 
concentration than with 2-phenylphenol. They suggested that sodium 2-pheny]phenol js a 
carcinogens that acts by a non-genotoxic mechanism (Fukuahima et al., 1983). 

In a similar study, 2-phenylphenol or sodium 2-phenylphenol (purity of neither given) was 
administeradinthedietataconcentrationof20000ppmto28maleFischer344ratsfor64we~
One rat receiving sodium 2-phenylphenol had small stones in the urinary bladder, and this 
compound, but not 2-phenylphenol, induced papillary or nodular hyperplasia (19/28), PepillomaJ 
(X28), andcarcinomas @LB) oftheurinarybladder. Pretreatment ofadditionalratswith~~A 
increased the incidence ofpapillary ornodnlarhyperplasia(p< O.O5),papillomas(notsig&~t), 
and carcinomas (not significant) over that in rats treated with NBHBA alone. In another 
experiment, 2-phenylphenol or sodium 2-phenylphenol was administered in the &et at 
concentrations of 2500,5000,10 000, or 20 000 ppm to groups of five to nine male Fischer344 
rats for up to 104 weeks. Animals from each group were killed and examined at 4,8,12,24,36, 
and 104 weeks. No stone formation was observed in the urinary bladders of rats treated with 
sodium 2-phenylphenol. At 20 000 ppm, simple hyperplasia of the urinary bladder was observed 
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from 4 weeks in 515 animals, papillary or nodular hypexplasia from 36 weeks in 515 animals, and 
papi]lomas in 2/5 and carcinomas in 20 at 104 weeks. At 10 000 ppm of sodium 2-phcnylphcnol, 
only simple hyperplasia was observed from 36 weeka. 2-Phenylphcnol alonedidnot cause bladder 
turnours and did not enhance the bladder lesions induced by NBHBA @to, ] 983b). 

In a short-term assay for bladder carcinogenic@ in rats, increased agglutinability of bladder 
epithelia] cells with concanavalin A was obsaved afbx a l-week treatment with 10000 or 
20 900 ppm of 2-phenylpheno] or sodium 2-phenylphenol (purity of neither given), suggesting 
that these compounds cause bladder cancer. NO such increase was observed in rats fed dieta 
containing pphenylpheno] or biphenyl derivatives at 20 000 ppm. In male Fisher rata fad diets 
containing 20 000 ppm of sodium 2-phenylphcnol for 50 weeks, bladdexpapillomas developed in 
19 of 36 rats and bladder carcinomas in 14 of 36 rats (Honma et al., 1983). 

Groups of 20 male Fischer 344 rats were fed diets containing 20 000 ppm of 2ghenyl- 
phenol, 20 000 ppm of sodium 2-phenylphenol (purity of neither given), or 5000 ppm ofbii] 
for up to 24 weeks. Changes in the amounts of DNA synthesis and in the morphology of the d 
papilla and renal pelvis were recorded under light aud scarmingelectronmicroscopes.Increased 
DNA synthesis in both renal papilla and p&k and distinct moxphological alterations in the ccl] 
surface were seen with t-phenylphenol and its s&&m salt by 4 weeks. Sequential light 
microscopy revealed renal papillary necrosis in animals ftd 2-phcnylphcno] from week 4, 
followed by regenerative hypuplasia at weeks 16 (l/5) and 24 (3/5), but no changes in the renal 
pelvis. Feeding of sodium 2+htnylphcnol caused similar changes in the renal papillae and also 
hyperplasia in the renal pelvis (Us). NO prolifixative response of the kidney was apparent in rats 
fed biphenyl. The authors ~~oncluded that the prolifaative responm causedbysodium2-
phenytphenolintherenalpclyicepithe~umwertsimilartothoseinducedbyfhismmpoundinthe
urinary bladder (Shibata et al., I989a). 

The interactive effects of ascorbic acid, saccharin, and hippuric acidon the carcinogenicity of 
2-phenylphenol and sodium 2-phenylphenol were studied in groups of20 male Fischer 344 rats. 
The animals were given 2-phenylphenol (purity, 99.5’/) or sodium 2-phenylpheno] in the diet at 
aconcentrationof20OOOppm(equivalentto 1000mg/kgbwperday)for24weelrswithorwithout 
ascorbic acid, sodium ascorbatc, acid saccharin, sodium sac&ar& bippuric acid, or sodium 
hipp~~at50000ppm.Theurinarysodiumconcentrationwas~inalIlunimalnnoeiving
sodium salts and/or sodium 2-phenylphenol. The pH of the urine waGncrcased in those given 
sodium2-phenylphenol,sodiumasoorbate,orsodiumsaccharin,aDdtheosmolrrlitywss~ 
in those given sodium 2-phenyIpheno1, sodium ascotbate, or sodium h@pumtc. 2-Phenylpheno] 
decreased the osmolality but did not affect the pH or sodium eoneultr8tion of urine. 
Histopathologically,thebladdersofratsgivensodium2-phenylpbanolsbawedepitbelioltbiclsenin
(epithelial thickness, four to eight cells) at 8,16, and 24 weeks and papillary andnodubuchanget~ 
at 16 and 24 weeks. Treatment with the other sodium salts provoked ‘slight to modcrate’ 
hype@& at 8 and 16 weeks but no papillary or nodular changes; the changes had regressed by 
24 weeks. The combitition of raised urinary pH and sodium pmmoted the effects of sodium 2- 
phenylphenol, while sodium hippurate raised urinary sodium but not pH and had no effect 
(Fukushima et al., 1989). 

In an essentially similar study, groups of 3 1 male Fischer 344 rats received NaHC@ to w&+ 
the urinary pH or NH&l to lower it. 2-Phenylphenol was given at a dietary concmtratim of 
12 500 ppm (equivalent to 625 mg!kg bw per day) and sodium 2-phcnylPheno\ at 20 0 ppm 
(equivalent to 1000 mgflrg bw per day or 625 mg/kg bw per day of 2-phenylpbenol). Hyp@a& 
of the bladder epitheiium was seen in animals given 2-phcnylphenol, &phenylpheno] plus 
NaHCO,, or sodium 2phenylphenol. Admitistration of the sodium salt with N&Cl &d no 
si@icant effect. The incidence of turnours was significantly increased with 2-phenylphm1 
(W3 l), sodium 2-phenylpheno] (2Z31). and 2-phenylpheno] plus NaHC03 (20/3 l), but only 
three tumours were seen in 31 rats given sodium 2-phenylphenol plus NH&l. Thus, the 
carcinogenic effects of 2-phenylphenol were promoted in alkaline urine, and those of sodium 2- 
phenylphenol were inhibited in acid urine (Fujii et al., 1987). 
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Changes in urinary parameters, particularly electrolyte levels and pH, DNA synthesis, and the . 
morphology ofthe bladder epithelium were investigated in Fischer 344 rats fed diets containing 
various sodium, potassium, magnesium, and calcium carbonate salts at a concentration of 30 000 
~~withorwithouttascorbicacidat5OooOppm,for4or8weelrs.‘Theeffectsof~~~twith
N&Cl at 10 000 ppm (to acidify urine) and of combined tmtment with sodium ascorbate at 
50 Oooppm and NH&l were also investigated. Urinary pH was significantly raised in groups 
given NaHCO,, &COa, ascorbic acid plus NaHU& ascorbic acid plus K&O,, or sodium 
ascorbate, whereas treatment with ascorbic acid or NH&l alone caused a significant decrease in 
urinary PH. Increases in urinary electrolyte or ascorbic acid contents were associated with the 
corresponding dosing regimen. DNA synthesis in the bladder epithclium was increased in groups 
given NaHCQ, K,COJ, ascorbic acid plus NaHCO>, ascorbic acid phrs K&IQ, or sodium 
sscorbate. Furthermore, all treatments that increased DNA synthesis also induced some 
morphologicalaIterationsintheb~epitbelium.Admmi~tionofascarbic~dinconjunction 
with NaHC03 or K,CO, induced more changes than those with either salt alone. In contrast, the 
degree of response of the bladder epithelium of rats given soditnn ascorbate was reduced by 
simultaneous administration of NH&l. These results suggest thatthc degree of DNA synthesis 
and/or morphological alteration in rat bladder epithelium after Weatment with various bases 
depends on changes in the urinq concentrations of Na’ or K+ an&r pH and tbc presence of 
ascorbic acid in the urine (Shiiata et al., 1989b). 

me role ofurinary pH andNa+ concentration on the carcinogenic effect of2-phenylphenol and 
S&W 2-phe@phenol on rat urinary bladder was stndied in two experiments. In the first, groups 
of 36 male Fischer 344 rats were fed diets containing 20 000 ppm of sodium 2-phcnylphenol 
(equivalentto lOOOmg/lcgbwperday), 12 5OOppmof2-phenylphcnol(&valentto625m~g 
bw per day), 6400 ppm of NaHCO,, 12 500 ppm of 2-pbenylphencl plus 6400 ppn ofNaHCO,, 
12 5ooppmof2-pbenylphenolplus32oOppmofNaHCQ,or 12 500 ppmof2-phenylphenolplus 
1600 ppm of NaHCOa for 104 weeks. Body weights were measufcd wceklyuptoweekl4and 
monthly thereafter. Food consumption was measured on 2 conscc&ve days per week on a per-
cagebasis. Urine samples were obtained %m four to six ra4 in each group by fbrced urination, 
a& &e urinary pH was determined 10 times during the 2-year experiment. For vent of 
urinary electrolytes, three or four rats in each group were housed individually in metal metabolic 
cages without food or water for 4 h in tbe morning during weeks 58,80, and 96. All smviviug 
animafs were killed at the end of the experiment and were examined carefully for gross 
abnormalities at autopsy. The liver, kidney, and tissues with macmscopic lesions were removed 
and fuced for histological examination. Autopsies were also performed on’all animals that died or 
became moriid and were killed during the experiment. 

Body-weightgainwasnducedthtoughoutthestudyinallh-eaadgrwps,bnttberecfuctionwas
less and started later in animals given 6400 ppm of NaHCQ alone. The absolute and relative 
weights of the bladder were significantly higher in treated groups than in controls, especially in 
‘rats given 2-phenylphenol phrs 6400 ppm of NaHCQ. The relative weights of the kidneys and 
liverinalltrcatedgroups~signif~~tlyhigh~than~~~~.Atweek104,58%ofratsgiven
sodium 2-phenylphenol and 68-84% of those in other groups were still alive compamd with 73% 
of controls. Macroscopically, more tumours were found in bladders of rats fed sodium 2. 
phenylphenol or 2-phenylphenol plus 6400 ppm of NaHCO, than in rats fed 2-phenylphenol plus 
3200 ppm or 1600 ppm NaHCO,, and no tumours were found in rats fed 2-pbenylpheuol alone or 
incontrols.Nostoneformationnlatedtotnmaurswassceninany~up.~bfaddaksionswm 
classified as simple hyperplasia, papillary or nodular hype@&, papilloma, and carcinoma. me 
incidences of bladder carcinomas were significantly higher than controls in rats fed sodium 2- 
phenylphenol or 2-phenylphenol plus 6400 ppm NsHCO,. 

In the other experiment, groups of five rats were given diets supplemented with test chemicals 
as in the first experiment for only 8 weeks before beiig killed Urinary electrolytes and pH we= 
determined at weeks 2,4, 6, and 8, and osmolality was measured at weeks 4 and 8. When all 
animals were killed at week 8, no stone formation was observed macroscopically in any groups. 
Various changes in the luminal surface of the bladder, particularly in rats fed sodium 2- 
phenylphenol or 2-phenylphenol plus 6400 ppm ofNsHC!O~, were revealed by scanning electron 
microscopy. The authors concluded that sodium 2-phenylphenol is carcinogenic to the male rat 

2-PHENYLPHENOL AND ITS SODIUM SALT 201437 3MPR 1999 



223 


bladder at 20 000 ppm in the diet. 2-Phenylpheuol was not carcinogenic, although it induced a low 

incidence of papillary or nodular hyperplasia (Fukusbima et al., 1989). 

Species differences in the induction ofurinary bhuldcr lesions by sodium 2-phenylphenol were 
studied in groups of 30 male Fischer 344 rats, B6C3F, mice, Syrian goldenbamsters, and Hartley 
guinea-pigs fed diets containing 20 000 ppm of sodium ;I-phenylphenol (purity not given). Body
weight and food consumption were determined periodically. Groups of five animals Finn each 
group were killed at weeks 4,8,12,24,36, and 48, and five control animals were killed at weeks 
12 and 48. Urine was collected in metabolism cages for 4 h from all animals at weeks 12 and 48 
for measurcmcixt of urine volume, pH, osmolality, and microscopic appearance. Although fbod 
consumption did not differ between the treated and untreated groups, retardation of growth was 
associated with administration of sodium 2-phenylpbarol in the diet, especial@ during the i&st 
8 weeks of the test Although the absolute weights of the liver were similar in both treated and 
umeated groups, the relative weights were slightly increased in al! species. Morphological 
changes in the urinary bladder were mmatkable or@ in rats, which showed simple hyperplasia at 
week 4, &reasing in incidence and density to week 48. Lesions classified as papillary nodular 
hyperplasia were observed in rats from week 36 of &eatment, but no papillomas were found. 
Scanning electron microscopy revealed pleomorphic microvilli only in ia& which inemased in 
~wi~time.Intheother~ies,nochangesilIdieativeofprolifaationwe~~~cept 
for a slight effect in mice at weeks 24 and 48. The pH of the urine was slightly increasuj in rats, 
while the background pH in the other species was usually high, except in mice at 48 weeks. 
Osmolality was not affected by administration of sodi 2-phenylphenol, but crystal formation 
was seen in rats and guinea-pigs, which increased slightly in rats with time. The authors concluded 
that sodii 2-phenylphenol is likely to be a urinary bladder carcinogen in rats but not in mice, 
guinea-pigs, or hamsters (Hasegawa et al., 199Oa). 

Sex differences ‘in the carcinogenic effect in rat urinary bladder associated with administration 
of 2-phenylphenol (purity, > 99?h) and sodium 2-phenylphenol (purity, ) 99%) were investigated 
ingroupsoffiveorsixmaleaadfiveorsixfemaleFischer344atrfbddcts~~ning 12 5OOppm 
of 2-phenylphenol (equivalent to 625 mgIkg bw per day), 20 000 ppm of sodium 2-phenylphenol, , 
equivalent to 1000 mg/kg bw per day), 30 000 ppm of NaHCQ, JO 000 ppm of NH&l, 2-
phenylphenol plus NaHCO,, or sodium 2-phenylphenol plus NH&l for 8 weeks. Body weights 
and food and water consum@m were determined weekly. Fresh urine specimens were obtained 
from all rats by forced urination at week 8 and exam&cl for pH and osmolality. During the last 
WC& of the study, the rats were transferred to metal metabolism cages witbout food orwater, and 
urintsampIeswcncoll~ed.~m07:00-~3:00hova3coastartivedaystoobtainenougbpooltd 
urineforanalysisanddetennrnationofmetabolites,~~anlypoolcdjamplestromthegroups
treated with Zphenylphenol or its sodium salt were exam&f. 

No animals died before the end of the experiment, and food intake was not sigr&eantLy 
different between groups. The body weights at week 8 were significantly lower in all treated 
groups of male rats and in female rats given 2-phenylphenol or sodium 2-phenylphenoL me 
urinary pH values for all groups were significantly diff&ra-& f&n the 7.0 f& in uutrcatcdm&j 
and the 6.8 found in untreated females, except in the groups given sodium 2-phenylphenol aone 
in which the pH values were comparable to those of controls. ‘The pH vaiues were bigbest in the 
groups given NaHCOr alone, followed by the groups given 2-phenylphertol plus NaHCO,, while 
the pH was lower than in controls for groups given 2-phenylphenol alone, sodium Z-phtnyfphtnol 
plus NH,Cl, or NH&l alone. The Na+ concentrations were higher in males than in femalts in & 
groups except controls and those given NH&L In the groups given sodium 2-phenylphenol alone, 
the Na+ concentration was slightly increased over control values in males but not in females. The 
depressive effect of NH&l on Na’ concentration was also less pronounced in femaLes. Only 
unconjugated urinary metabolites were identified No urothelial hyperplastic changes were 
observed with 2-phenylphenol alone in either sex, while an quimolar dose of sodium 2-phenyl-
phenol induced mild papillary and nodular hyperplasia or simple hyperplasia in male rats only. 
The possible mechanisms underlying the difference% in response between the sexes might include 
excretion of other types of conjugated forms andthe formation of microcrystals such as the silicate 
crystals found in the urine of rats fed sodium saccharin (Hasegawa et al., 199 1). 
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The physiological effects of 2-phenylphenol (purity, 99.5%) on urothelial cells and potential 
formation ofDNA adducts were studied in male Fischer 344 rats. In an initial exp&ment, rats were 
fed dietary concentrations of 0, l OOO, 4000, or 12 500 ppm for 13 Weeks. There Was no evidence 
of urinary calculi, microcrystalluria, or calcium phosphate-containing precipitate, but urothelial 
cytotoxicity and hyperplasia were seen at the highest dose. In a second experkmt, rats were fed 
dietary concentrations of 0,800, MOO, 8000, or 12 500 ppm for I 3 W&S. The urinary pH was > 7 
in all groups. The urinary vohune was increased at the highest dose, with COnJcqlltot deaascs 
in osmolality and the concentrations of creatinine and other solutes. The urinary excretion of total 
2-phenylphenol metabolites was increased. Most of the metabolites were conjugates of 2- 
phenyiphenol and of phenylhydrquinone, and tiee 2-phenylphenol and metabolites accounted 
for < 2% at each dose. Urothelial toxicity and hype@& occurred only at 8000 and 12 500 ppm. 
No 2-phenylphenol-DNA adducts were detected in the urothelium at any dose. The small 
percentage of unconjugated metabolites and the absence of DNA adducts suggest that 2- 
phenylphenol acts as a bladder carcinogen in male rats by inducing cytotoxicity and hyperplasia 
without direct binding of the compound or its metabolites to DNA (Smith et al., 1998). 

The carcinogenic effect of sodium 2-pbenylphenol aud its metabolites on female rat urinary 
blad&r after intravesicular instillation was studied in groups of uine 6-week-old Fischer 344 rats 
that received 0.2 ml of a saline solution of 0.1% sodium 2-phenylphenol (purity, > 99’%), 
phenylbenxoquinone (purity, > 99%), or phenylhydroquinone (purity, ) 99%) through a catheter 
into the urethra once, twice, or four times. The pH values of the solutious were 11 for aodium 2- 
phe@phenol, 6.5 for phenylbenzoquinone, and 6.4 for phenylhydroquiuone. Saline or a solution 
of NaOH (pH 11) were given to controls. The animals were maintained under light ether 
anaestbesiaduringinstillationandfora~lOmintherraRertoprtveatspontaaeo\rsurination
Twoorthreeanimalsfromeachgroupwerekillcdunderetha~srt24band4and7~ys 
afier the last instillation. The histopathological findings in rats hilled 24 h after a single injection 
of saline, phenylbenxoquinone, or phenylhydroquinone included swelling and vacuolation of 
urothelial cells. The bladder epithelium of rats treated with alkabne solutions of sodium 2- 
phenylphenol or NaOH showed minimal hyperplasia associated with mild o&ma and 
inflammatory-ceil infiltration of the epithelial and yLbrkkyF Moderate “pith+ 
hyperplasia was seen in rats killed 7 days afkr tmatmen ~.hratsgmn
two or four instillations of this metabolite, the grading of the byperplastic changes was clearly 
dependent on the number of instillations aqd the time between the last tmatmcd and death. The 
epithelial hyperplasia was marked and ~es’chdkd as papillary ador nodular in rats treated 
with four instillations of phenylbenxoquinone and killed 4 days after the last instillation. No 
carcinomas were induced. 

Inanotherexperiment,groups0f20femaleratswerctreatedinthesamewaybuttwiceawe&
for 5 weeks. From week 6, some rats were fed the basal diet supplemented with 5% sodium 
saccharin for 3 1 weeks as a promotion treatment, while the other rats were maintained on basal 
diet during this period. A separate group was given 500 ppm of NBHBA for 4 weeka, and then 
50 OOO ppm of sodium saccharin as a positive control. E3ody weigbtsand food consumption m 
determined periodically. The histopathological findings in the positive control group included 
papillomas in two rats, papillary and/or nodular hyperplasia in nine rats, and simple h-l&a 
in 11 rats. In contrast, no hyperplastic changes were seen in rats treated fkst with sod.& 2-
phenylphenol or its metabolites followed by promotion with sodium saccharin, except hr nine rats 
given phenylbenxoqtiinone, which had papillary and/or nodular hyperplasir and/or simple 
hyperplasia. Formation of lymph follicles in the submucosa of the urinary bladder was seen in 
particular with phenylbenxoquinone and in the positive control group. The authors concluded that 
phenylbcnxoquinone plays an essential role in the urinary bladder carcinogen&s induced by 
sodium 2-phenylphenol (Hasegawa et al., 199Ob). 

A series of studies was carried out on the carcinogenicity of 2-phenylphenol aud sodium 2- 
phenyl-phenol (purity of neither given) in rat urinary bladder. In the first study, groups of 10 male 
Fischer 344 rats were fed diets containing sodium 2-phenylphenol at concentrations ofO, 2500, 
5000, 10 000, or 20 000 ppm for 36 weeks. The rats were observed daily and were weighed 
periodically. Body-weight gain was suppressed at 20 000 ppm. No calculi or muco& mmours 
were found grossly, but histological analysis revealed a statistically significant incnase in the 
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frequency of bladder lesions in rats at 20 000 ppm, in which simple hyperplasia was seen in 1 O/l 0 
and papillary or nodular hyperplasia in 4110 animals. Simple hyperplasiawas seen in l/l0 rats at 
10 000 ppm. 

In the second study, groups of five male rats were fed diets containing 20 000 ppm of 2- 
phenylphenol or sodium 2-phenylphenol for 4 weeks. The animals were weighed at .the end of 
treatment, at which time the mean body weights of both treated groups were reduced, to 86% of 
the control value with 2-phenylphenol and to 96% with sodium 2-phenylphenol. One hour before 
sacrifice, each rat was given au intrapexitoneal injection of 100 mg/kg bw of 5-bromo-2’- 
deoxyuridine (Brdu), and the urinary bladders were stained immunohistochemically with anti- 
B&J antibodies to investigate the capacity of the epithelial cells forproliferation. The number of 
cells thamad taken up BrdU per 1000 urinary bladder epitbelial cells was determined by light 
microscopy aad expressed as per cent labelled cells. Rats fed sodium 2-phenylphenol showed 
increased urinary pH and extensive BrdU-labelling in urinary bladder epithelial cells, indicating 
increased DNA synthesis. Rats fed 2-phenylphenol also showed a tendency to increased BrdU- 
labelling, suggested that it also can cause, albeit weak, urinary bladder @helium proliferation. 

In the third study, groups of five male Fischer 344 rats were given diets containing 6400 ppm 
of NaHCQ; 13 000 ppm of 2-pbenylphenol; I3 000 ppm of 2-phenylphenol plus NaHCO, at 
16tJO,3200, or 6400 ppm; or 20 Otlct ppm of sodhun 2-phenylphenol for 8 weeks. The urinary pH 
at week 8 was significantly increased in animals fed NaHCQ alone, 2-phenylphenol plru 3200 
or 6400 ppm NaHCO,, or sodium 2-phenylphenol. The urinary comzMWions of Na’ were 
significantly increased at 2,4,6, and 8 weeks in rats fed sodium 2-phenylphenol and at 8 weeks 
in rats fed NaHCQ alone or 2-phenylphenol plus 3200 or 6400 ppm NaHCO,. At 8 weeks, a 
@nifkant increase or a tendency to an increase in urine volume and significantly lower osmotic 
prtssunwereseeninpooledurinesamplesfiofiialltreatedgrcrupswhen~withcMItrola 
Whenthebladderswmexaminedbyscanningel~~n~~,the~oftheepitbeliium 
appeared normal in the controls and in animals given only NaHCOS, and wasmadeup OfpolygoaaI 
cells of uniform dimensions with reticular peaked microridges at the s&ace. In treated animals, 
the cells in the outermost layer of the bladder epitbelium assumed a cobblestone configuration in 
pavement form; at high magnification, pleomorphic microvilli, sbortunifimn microvilli, and ropy 
~rleafym~croridgesweresematthesurfaceofthesecells.Thesealtnatioas~observtdmainly 
in rats given sodium 2-phenylpbenol or 2-pbenylphenol plus 6400 ppm NaHCQ. The extent of 
the changes and the frequency of their appearance was correlated with the concentration of 
NaHCO, given with 2-phenylphenol. 

In the fourth study, groups of 30-31 male Fischer 344 rats were given 20 Ooo ppm of sodium 
2-phenylphenol or 13 000 ppm of 2-phenylphenol with ox without NaHa at 1600,3200, or 
6400 ppm for 104 weeks. The animals were observed daily for deaths, and body weight and feed 
consumption were measured at regular intervals. Pooled 4-h urine samples were collected fkom 
threeorfourratsateachdoseatweeks58,8O,and96formeasumnent of electrolytes. The urinary 
pH was significantly increased in rats fed sodium Z-phenylphenol or 2-phenylphenol alone or in 
combiiationwith3200or64OOppmNaHCO,or64OOppmNaHCO&ne.TheNa+concentxations 
were significantly increased in rats fui sodium 2-phenylphenol, 2phenylphenol plus 6400 ppm 
NaHCOs, or 6400 ppm NaHCOa alone. No difference was seen in rats fed sodium 2-phenylphenol 
or 2-phenylphenol plus 6400 ppm NaHCC&. Urinary bladdertmnours were feud in all groups 
except those given 2-phenylphenol alone, and the fizquencies were highest with sodium 2-
phenylphenol and with 2-phcnyIpheno1 plus 6400 ppm NaHCQ. The pmsence of calculi could 
not he confirmed. Histological examination of the urinary bladder epithelium revealed simple 
hyperplasia, papillary or nodular hyperplasia, papillomas, and carcinkas. Carcinomas occwred 
in rats fed sodium 2-phenylphenol(4 I %), 2-phenylphenol plus 6400 Ppni’NaHCO, (3 I%), and 
6400 ppm NaHCO> alone. The results confirm that administration of 20 000 ppm of sodium 2-
phenylphenol is carcinogenic in male rats, while an equimolar concentration of 2-phenylphenol 
causes only a low frequency of papillary or nodular hyperplasia and no papillomas or cancers. 
Administration of NaHCO, in conjunction with Zphenylphenol caused carcinomas, comlatedto 
the NaHCO, concentration, which also increased urinary pH andNa+ concentration (Inoue, 1993). 

The induction of DNA damage in the urinary bladder epithelium of male and female Fischer 
344 rata by 2-pbenylphenol and its metabolites was studied by the alkaline elution assay after an 
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intravesicalar injection. Phenylbenzoquinone at 0.054 1% had weak DNAdamaging activity in 
animals of each sex, whereas 2-phenylphenol and phenylhydroquinone had no effect at the same 
dose, Histopathological examination revealed diffirse, moderate, simple hype@& Ways after 
injection of 0.1% phenylbenzoquinone in male rats. The lesions were associated with submucosal 
infiltration, small round cells, and slight oedema The only change in the bladders of rats injected 
with 0. I Oh phenylhydroquinone was slight swelling and/or vacwhxation of the epithelial cells, 
and the bladders of rats injected with 0.1 D/r 2-phenylphenol were normal (Morimoto et al., 1989). 

Groups of 5-10 Fischer 344 rats received diets containing sodium 2-pbenyiphenol at 
concentrations of 0,2500,5000, 10 000, or 20 000 Pam (equivalent to 0,250,500,1000, and 
2ooO mg/kg bw per day) for up to 5 months to investigate the correlation between urinary 
phenylbenxoquinone and DNA damage in the bladder epitbelilrm. Slight but went 
DNA damage was observed in the epithehum of male rats fed&10 000 or 20 000 ppm for 3- 
5 mnths. A plot of the dosbresponse rekionship for DNA &mage at 3 months szlowcd a 
threshold at 5000 ppm of sodium 2-phenylphenol. The amounts o#unconjugated 2-phenylpheno1, 
phenylbydroquinonc, and phenylbenzoquinone in 24-h urine samples collected &om males and 
females after 5 months correlated well with the dietary concentra~ns of sodium 2-phenylphenol. 
The total amounts of free metabolites in theurine of males given 5000 ppm were similar to those 
in the urine of females given 20 000 ppm. Free metabolites teprtsarted 0.3% of the total average 
intie of male rats fed 5000 ppm, 0.8Ya of the intake of 10 000 ppm, and 1 Ye of the intake of 
20 000 ppm of sodium 2-phenylphenol. The average concentrations of free phenylhyd;roquinone 
in the mine of maks given 20 000 ppm of sodium 2-phenylphend were significantly higher than 
those in males fed 5ooO ppm or in females fed 20 000 ppm. The concentrations of phenylbenxo. 
quinone were much lower than those of phenylhydmquhmne. Only 10% of phenyl~one 
wasncovendfromspikedurine,indicatingthatthismetabolitemayrradwith~nucleophilic 
groups.Thcauthorsconcludedthatphenylbemroquiaoneistbereactive~~intbeinitiationof 
bhuldcr tumows induced by 2-phenylphenol and sodium 2-phenytphenol (Morimoto et al., 1989). 

The interaction of 2-phenylphenoi and its metabolites with pUC 18 DNA from Ederichiu coli 
plasmids was studied in vitro. The major metabolite formed ti 2-phenylphenol by mixed- 
function oxidases was phenylhydroquinonc. This finding corroborates ear&r reports that 
phenylhydroquinone in the form of a ghumronide conjugate is the main product in the bladders 
of rats fed 2-phenylphenol. When pUC18 DNA was incubated with phenylhydmquinone, DNA 
strand scission was observed, whereas barely detectable DNA cleavage was seen with 2- 
phenylphenol and phenylbenxoquinone. DNA cleavageby phenyihydmqumonewas inhibited by 
superoxide dismutase, catalase, and several oxygen radical scavengers, Micatingthattheoxygen 
radicals generated in the process of oxidation of phenyIby&oquinone in aqueous solution are 
responsible for the DNA cleavage. The attack seemed to occur at guanine residues in general and 
was not rest&ted to guanines with specific residues, indicating no hot spots (Nagai et al., 1990). 

Thegenerationof8-hydroxydeoxyguanosineincalfthymusDNAtreatedwith2-phenylphenol, 
phenylhydroquinone,orphenyhnmzoquinone,wasstudied invi~.‘Ihecontentofg-hy&oxydeoxy- 
guanosine residues was increased in DNA treated with phenylbydroqurnane in a concentration- 
dependent manner, but phenylbenxoquinone had little effect, and 2-phenylpbenol had no e&t 
The formation of 8-hydroxydeoxyguanosine by phenylbydmquinone was reduced by oxygen 
radical scavengers and accelerated by the addition of CuCl or CuClr. Hydroxyl m&c& generated 
during oxidation of phenylhydroquinone thus contribute to the formation of &hydroxydeoxy- 
guanosine in DNA, and copper ions facilitate the oxidative DNA damage. Copper ions greatly 
accelerated phenylhydroquinone-induced DNA cleavage in v&v, although they had no effect on 
cleavage without phenylhydroquinone. In contrast, DNA cleavage occurred with the addition of 
FeC& in the absence and presence of phenylhydroquinone. The formation of &hydroxydeoxy- 
guanosine in bladder DNA is likely to be one of a series of events in the carcinogenesis induced 
by 2-phenylphenol (Nagai et al., 1995). 

The effect oftbe selective y-glutarnylcystcine synthetase inhibitor, butbionine sulfoximine, on 
the hepatotoxic and nephrotoxic potential of 2-phenylphenol and its metabolites was studied in 
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groups of four male Fischer 34UDucd rats. The animals were given an intmperitoneal injection 
of 0 or 900 mgikg bw of buthiotiine sulfoximine and 1 h later received 2-phenylphenol, 
phenylhydroquinone, or phenylbenxcquinone at single oral doses of 0,700. or 1400 mgkg bw. 
The rats were killed 6 and 24 h later;.and serum was eolleeted for measumnent of alanine and 
aspartate aminotransfease activities and urea nitrogen. The liver and kidneys were removed and 
weighed, and hepatk and renal glutatbio~ wuv assayed.

2-Phenylphenol caused acute hepatoceUular damage, as shown by necrotic eentrilobular 
hepatocytes accompanied by increased serum aminotmmkase, activity. Pretreatment with 
buthionine sulfoximine potentiated tbe hepatic and renal toxicity of 2-phenylphenol, indicating 
that the liver and kidneys are its target organs of at high doses. 2-Phenylphenol depleted hepatic 
and renal glutathione by 6 h after adtkistration, and this effkct was enhanced by pretreatment 
with butbionine sulfoximine. Recovery of ghrtathione concentrations in both organs was slower 
in rats given 1400 rug/kg bw of 2-pheirylphenol than in those gin 700 mg/kg bw, suggesting that 
the hepatic and renal damage caused by this compound is -with prolonged depletion of 
glutatbione and that it acts indkctly on the liver. Within 24 h, 75% of the rats treated with 
phenylbemquinone at 1400 mgIkg bw had died Adminkbatkm of pbenyknxoqumone at 
700 m/kg bw or phenylhydroquinone at 1400 mgikg bw significantly increased aminotransf~e 
activities. The activity of alanine aminotransferase in both groups was about twice that of rats 
given 1400 mgkg bw 2-phenylphenol. A slight deemase in liver weight, nuclear pyknoais, 
eosinophilic degeneration ofperiporta1 hepatocytes, increased relative kidney weight, slight renal 
papillary necrosis, .dilatation of renal tubules, and increased serum urea nitrogen coneemration 
were observed at 700 mg/Jcg bw of phenylbenzoqumone. The relative weight of the kidneys was 
increasedat 1400mg/kgbwof~~y~~.~~~~~~~~~y~e 
is more toxic to liver and kidney than phenyU@mqumone (Nahagawa & Tayama, 1988). 

In a study of the conjugation of 2-pheuylpheuol with glutathioue in rat liver in vitro and in viw, 
radiolabel derived from [“C}2-phenylphenol bound imversrbly to hepatic microsomal 
macromolecules in an NADPH-generating system, and the binding was iuhibited by cysteine and 
glutathione.When(~‘C]2-ph~ylphenoland~thio~wekn&akdinamirrosomalNADPH-
generating system, the radiolabelled material derived finm the aqueous phase of the incubation 
mixture was similar to a synthetic, water-sohrble phenylhydmquinone-ghnathione conjugate 
produced by a nonenxymic reaction between phenylbenzoquinone and glutathione. 
Phenylhydroquinone-glutathione was excreted as a minor conjugate in the bile after oral 
administration of 2-phenylphenol to rats at a dose of 1000 m&kg bw. The cumulative biliary 
excretion of the conjugate over 6 h represented about 4% of the dose. The results show that a 
reactive intermediate of 2-phenylphenol can form adduets with gh&athione to produce water- 
soluble conjugates. The reactive intermediate is probably phenylbenzoquiuone derived fiam 
phenylhydroquinone. Since glutathione protects against celhtlar injury, the acute hepatic damage 
caused by high doses of 2-phenylpheuol is probably associated with the formation of au a&ve 
intermediate (phenylbenzoquinone) which depletes cellular ghttathione (Nakagawa & Tayama, 
1989). 

The relationship between the metabolism and cytotoxicity of 2phenylphenol was studied in 
isolated rat hepatocytes. Addition of high concentrations of 2-phenylphenol to the cells caused 
dose-dependent toxicity, with death at the highest dose of 1.0 mmolk. Preueatment of the 
hepatocytes with a non-toxic dose qf 5 jrmoVL of SF-525A enbsncecl the eytotoxicity of 2- 
phenylphenol at 0.5-1.0 mmoVL and inhibited its metabolism. At lower concentrations (0.5 or 
0.75mmol/L), 2-phenylphenot was converted sequentially to phenylhydroqumone and then to jts 
glutathione conjugate. The concentrations of both metabohtes and especially of the conjugate, 
were very low in hepatocytes exposed to 2-phenyIphenol at 1.Om.n~~l/L alone or with SKP-525A 
The cytotoxicity induced by 2-phenylphenol at 0.5 mmol/L was enhanced by the addition of 
1.25 mmol/L of diethyhnaleate, which continuously depletes cellular glutathione. In contrast, the 
cytotoxicity induced by phenylhydroquinone at 0.5 mmol/L was significantly inhibited by 
addition to the hepatocytes of 5 mmolk of dithiothreitol, cysteine, N-acetyl-I,-cysttine, or 
ascorbic acid. Loss of glutathione, protein thiols, and ATP was also prevented. These results 
indicate that the acute cytotoxicity of 2-pheuylphenol at 1.0 mmol/L, is a direct action and that 
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prolonged depletion of cellular glutathioneenhances the cytotoxicity of low concentrations of 2- 
phenylphenol metabolites. The cytotoxicity of phenylhydroquinone is prevented significantly by 
addition of cysteine, glutathione, or ascorbic acid (Nakagawa et al., 1992). 

Groups of 22 male CDF (Fischer 344)IBR rats were given diets containing 2phenylphenol 
(purity,99.5%)toprovideconcentrationsof0,800,4000,8000,or12 500ppm,equalto0,56,280, 
560, and 920 mg/kg bw per day, for 13 weeks. During weeks 12-13 and 13-14 of the study, urine 
was collected for determination of metabolites and urinary characterStics, mspectively. In 
~~tion,uriaarybladderswcre~ollected~m 12animalspergroupduringweek lilforanalysisof 
the urotheiium by 3P-postlabelling, while histopathological evaluation of 10 animals group 
included determination of a labelling index and light and scanning electron microscopy. The body- 
weight gain was reduced by about 10% at 8000 and 12 500 ppm, but food intake was unaffected 
at all doses tested. Histological examination showed simple hyperplasia of the urothelium at 
concentrations of 8000 and 12 500 ppm with significant changes in the bladder. The glucuronide 
and sulfate conjugates of 2-phenylphenol and the hydroxylated metabolite phenylbydmqinone 
were the major urinary metaboiiteq although the major conjugate at all doses was the sulfate. 
Minute levels of fice 2phenylphenol and phenylhydroquinone were found at all doses, &ee 
phenylhydroquinone comprising 0.6-l 5% of the total metabolites measumd. An increase in the 
labelling index of the bladder epithelium was observed at 8000 and 12 500 ppm. “P-Postlabelled 
urothelial DNA showed no evidence of formation of 2-phenylphenol-DNA adducts. 

The authors concluded that a hyperplastic response of the urinary bladder epitbelium occurs 
after exposure to 2-phenylpbenol at 8000 or 12 500 ppm, which are unequivocal carcinogenic 
doses for the bladder of male rats, which is due to mild cytotoxicity with consequent regenerative 
hyperplasia The increased mitotic activity (labelling index), the presence of very small amounts 
of free phenylhydroquinone in the urine, and the absence of DNA adducts in the bladder 
epithelium further suggest that the bladder carcino genesis inmale rats exposed to 2-phenylphenol 
is probably mediated by an indirect, dose-depmdept cytotoxic effect on the bladder epithelium 
leading to regenerative hyperplasia and subsequent tumorigenesis of epigenetkorigin, rather than 
to direct metabolic activation of 2-phenylphenol to reactive metabolites capable of forming 2- 
phenylphenol-DNA adducts (Christenson et al., 1996a). 

Croups of 20-30 male CDF (Fischer344)IBR rats were given diets containing 2-pbenylphenol 
(purity, 99.9%) at concentrations of 0, 1000,4000, or 12 500 ppm, equal to 0,54,220, and 
68Omg1kgbwperday,for13weeks.Animalsfromthecontrolandhigh-dosegroupswereallowed 
to recover for 4 weeks. Urine was collected for chemical and and electron microscopic evaluation 
at various times, and urinary bladders were collected from animals in the recovery groups during 
weeks 4, 13, and 17 for histological evaluations which included dctamination of a labelling 
indexes and light and electron microscopy. 

Body-weight gain was reduced only in rata at 12 500 ppm, and food intake wss umfkted at 
all doses. Weekly clinical examinations showed an increased incidence of urine staining at 4000 
and 12 500 ppm. No unusual precipitate or crystal was found in the urinary sediment of treated 
animals. Urothelial hyperplasia was observed only after 13 weeks at 12 500 ppm, and the effect 
was reversed by 4 weeks on control diet. After 4 and 13 weeka of exposure to 2-phenybhenol, 
necrotic foci were observed in the bladders of rats at 12 500 ppm, and at 13 weeks the bladders 
also showed evidence of regenerative hyperplasia. Increased labelling indexes were observed in 
the bladders of animals at the high pose at 4 and 13 weeks, but the index had retuned to control 
values after 4 weeks’ recovery, confirming the reversibility of the proliferative changes in the 
urothelium. The results of this study suggest that 2-phenylphenol acts by a mechanism hvol~ng 
a cytotoxic action on the urotbelium leading to the formation of regenerative, reversible 
hyperplasia. The origin of the cytotoxicity remains unclear, however, as no evidence was found 
of either abnormal crystalhuia or a calcium phosphate-containing amorphous precipitate 
(Christenson et al. 1996b). 

The relative importance of bladder distension, urinary pH, and Na’ concentration in the 
induction of cell proliferation in the bladder epithelium of rats fed various sodium salts was 
investigated. In male rats fed a diet containing 5% NaHCO,, the bladder epithelium showed an 
increased number of replicating cells, distension, increased urinary pH, and a high urinary Na+ 
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concentration. CeIi proliferation aIso occurred when the bladders were subjected to distension in 
viva by mechanical (female) or physiological (male) means. Inclusion of CaCOr in the diet 
increased the urinary pH without altering other factors and did not induce cell proliferation, but 
proliferation was increased when CaCO, was combined with the mechanical or physioIogicaI 
treatment.Thus,highwinarypHwasof~~importancetobladdcrdis~ionasacausative 
factor but acted to enhance cell proliferation when distension occur& Similar findings were 
obtained with regard to the Na+ concentration. The authors concluded that bladder distension is 
a prerequisite for proliferation of epithelial cells in the bladders of rats fd diets containiq high 
concentrations of sodium salts and that changes in urinary pH and Na’ concentmtion also 
d&mine the degree of proliferation (Shioya et al., P994). 

3. Observations In kumans 
In one of the earliest studies on the toxicity of2-pheuylphenol, skin irritation and sensitixation 

~etoexposuntothiscompoundanditssodiumsPltweretvalnatedinlOOmalsaad100fanale, 
unselected persons. A patch impregnated with the test materIaI was placed in direct contact with 
the skin of the back of each person, covered with an impervious film, and taped securely in place. 
The first patch was kept in constant contact with the skin for 5 days, at which time the patch was 
removed and the, reaction noted. A second patch was applied in the same way 3 weeks after 
removal of the first patch and was kept in direct contact with the skin for 48 h. Each subject was 
examined immediately and again 3 and 8 days after removal of the second patch. 2-Phenylp&no1 
as a 5.0% solution in sesame oil did not cause primary irritation or sensitization, but s&urn 2-
phenylphenol was significantly ir&ating when applied as a 5% or a 1% aqueous solution. A 0.5% 
solution caused very slight, simpl,e initati’on, whereas a 0.1% solution prod&d no irritation atxj 
no sensitization (Hodge et al., 1952). 

comlntuts 
After oral administration to mice and rats, 2-phenylpheuol and its sodium salt are rapidly and 

aten&ely absorbed (95%) and distriiuted. Excretion is also rapid in these species, being almost 
complete within 48 h, and occurs mainly in urine (about 99%) and in faeces (about 5%). Little 
radio@el (< 1%) is retained in organs and tissues, including the uriuary bIadder. After demutl 
application of 2-phenylphenol to humans, about 43% of the applied dose was &orbed through 

the skin and about 58% was recovered in skin rinse and the pmtective enclosure. Most of the 
absorbed radiolabel was recovered in urine (99%, and only 1% WBS rectwcd ia fbatos The 
absorption haIf-time was 10 h, and the elimination ha&time was 0.8 h. The rapid excretion of the 
radiolabel into urine indicates that 2-phenylphenol is unlikeIy to accmm&e inhunumsexposed
repeatedly. The metabolic profiles of both compounds were similar in mice, rats, and humans at 
the various doses tested. The main metabolic pa&ways are conjugation of 2-phenylpknol or 
hydroxylation at the 5 position of the phenol ring, followed by conjugation with glncurunide or 
sulfate. The parent compound was detected in only very small amounta (0.4%).in urine. The 
metabolic profile in plants raised no.toxicological concern, since about 90% of the residue fcund 
in oranges and pears is 2-phenylphenol or its conjugates. 

2-Pheuylphenol and its sodium saIt have low acute toxicity in mice and rats treated orally, the 
LDso ~dues ranging fioru 600 to 3500 mg/kg hw. Neither 2-phenylphenol nor its sodium salt haa 
been classified by WHO for acute toxicity. 

2-Phenylphenol and its sodium salt caused severe dermaI irritation in rabbits, aad the sodium 
sa~tcausedsevendennalinitationinbumans,2-~henylphenol~tatedtbeyeof~j~whaws 
the sodium salt caused only moderate ocular irritation. Neither substance caused delayed contact 
hypersensitivity in guinea-pigs or humans. 

In medium- and tong-term tests for toxicity, the urinary bladder was regarded as the main 
toxicological target organ of both 2-phenylphenol and its sodium salt in male and fmle rats. At 
doses of 200 mgkg bw per day and above, hypeqlasia, papillomas, and transitional-cell 
carcinomas were seen with both compounds in male rata. Increased mitosis was observed in the 
bladder epithelium three days after the start ofdosing, andthickening, i.e. simple hyperplasia, was 
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seen at 14 days. In female rats, hyperplasia and papillomas were observed, but to a f&r lower degree 
than in males. In male and fmaie mice, the liver was the primary target organ. Increased relative 
liverweights and an increased incidence ofhepatocelhh adenomaswere seen with2-phenylphenol 
at doses of 500 mg/kg bw per day and above. Reduced body-weight gain was a common finding 
in mice and rats. In 90&y stud& the NOAELs for 2-phenylphenol were 6300 ppm, equal to 
760mg/kgbwpa&y,inratsand300mgkgbwperday(thehightstdo~ttstedforuptolyear) 
in dogs. The NOAEL for the sodium salt was 5000 ppm, equivalent to 550 m@kg bw per day, in 
mice and 2500 ppm, equal to 180 m@g bw per day, in rats. In a l-year study of toxicity, the 
NOAEL for 2-phenylphenol was 800 ppm, equal to 39 mg/kg bw per day, in rats. In 2-year studies 
of carcinogenicity, the NOARL for 2-phenylphenol was 250 mg/kg bw per day in mice and 
800 ppm, equal to 39 mg/lcg bw per day, in rats. In 2-year csrcinogenicity studies with the sodium 
salt, the NOAEL for carcinogepicity was 20 000 ppm, equal to 3000 m@g bw per day, in mice 
and 2500 ppm, equivalent to 95 mg/kg bw per day, in rats. The Meeting concluded that both 2- 
phenylphenol and its sodium salt are carcinogenic in male rats and that 2-phenylphenol is 
carcinogenic in male mice. 

2-Phenylphenol has been more extensively tested for genotoxic activity than its sodium salt. 
Within that limitation, the results for the two compounds were similar. Data regarding covalent 
binding to DNA in the urinary bladder of rats dosed with tithes compound were conflicting. 2- 
Phenylphenol induced chromosomal aberrationsin cultured mammalian cells, but negative results 
were obtained in viw. The Meeting concluded that there are unresolved questions about the 
genotoxic potential of 2-phenylphenol. 

Several studies have been conducted to elucidate the mechanism of the caminogenic action of 
2-phenylpheno! and its sodium salt on the male rat urinary bladder, since neither compound has 
a carcinogenic effect on the urinary bladder of female rats or in mice, guineapigs, or hamsters of 
either sex. No clear mechanisms have been found, ahhough raising the urinary pH or sodium 
concentration has a promoting effect. There was some evidence from studies with the sodium salt 
that initial irritation followed by hyperplasia might be involved in the bladder carcinogenicity in 
male rats. In addition, 3*P-postlabelling showed binding of Z-phenylphenoi and its sodium salt to 
DNA in the male rat urinary bladder in some but not in other studies. The genotoxicity of the 
metabolites phenylhydroquinone and dihydmxybiphenyl appears to be similar to that of the parent 
mqlecules.

The Meeting concluded that the urinary bladder tumours observed in male rats and the liver 
turnours observed in male mice exposed to 2-phenylphenol are threshold phenomena that are 
~ies-andsex-specific,andthatIl-phenylpheaolisthercf~unlikelyto~tacarcinogenic 
risk to humans. In coming to this concluion, the Meeting was aware that a working group 
canvenedbylARChadclassifi~2-pheny~~sodiumsalt,inGroup2B@oss~~carcinogenic
to humans) and 2-phenylphenol in Group 3 (not dassifiable as to its carcinogenicity to humans). 
The Meeting noted, however, that the IARC classification is based on haxard identification, not 
on risk assessment, and is furthermore limited to published literatum, with the exch&rn of 
unpublished studies on toxicity and caminogenicity. 

In two two-generation studies of reproductive toxicity in rats, 2-phenylphenol had no 
reproductive toxicity, even at 460 mgkg bw per day, the highest dose tested ‘Ibe overall NOAEX, 
for carcinogenicity was 92 mg&g bw per day, since urinary bladder tumours wercfoundinmale 
rats at doses of 120 mg/hw per day and above. 

In a study of developmental toxicity in mice with 2-phenylphenol and itJ sodium salt, the 
NOAELs for 2-phenylphenol were below 1500 mgikg bw per day (lowest dose tested) formaterr& 
toxicity and fetotoxicity and 2100 mg/kg bw per day (highest dose tested) for teratogenicity. The 
NOAELs for the sodium salt were below 100 mgflrg bw per day (lowest dose tested) for maternal 
toxicity, 100 mg!kg bw per day for fetotoxicity, and 400 mg/kg bw per day (highest dose tested) 
for teratogenicity. In two studies of developmental toxicity in rats, the overall NOAELs for .2- 
phenylphenol were 150 mgkg bw per day for maternal toxicity, 300 m&kg bw per day for 
fetotoxicity, and 700 mgkg bw per day (highest dose tested) for teratogcnicity. In two studits of 
developmental toxicity in rabbits, the overall NOAELs for 2-phenylphenol were 100 mg/kg bw 
per day for maternal toxicity, 500 mgkg bw per day for fetotoxicity, and 750 mg/kg bw per day 
(highest dose tested) for teratogenicity. 
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The Meeting established an AD1 of 00.4 mg/kg bw for 2-phenylphenol, on the basis of the 
~OAELof39mg/kgperdayinthe2-yearstudyoftoxicity(basedondeereasedbody-weightgain 
and hyperplasia of the urinary bladder) and carcinogenicity of the urinary bladder in male rats and 
a safety factor of 100. 

TheMeetingdetefininedthatitwas tmneeessary to establish an acute reference dose because 
of the low aate toxicity of Z-phenylphenol. 

Toxicological Evahrtio~~ 
L~@F of 2-phenylphenol that cause no toxic e#ect 

Mouse: < 250 mgkg bw per day for carcinogenicity (lowest dose test@ 2-year study 
of toxicity and carcinogcnkitjr) 

< 1500 mgkg bw per day (lowest dose tested; study of developmental toxicity; 
matemal toxicity) 

2100mgfl<gbwper~y(highestdosecested;studyofdevelopmentaltoxicipy 
not teratogenic) 

Rat: 800 ppm, equal to 39 mgfltg bw.per day (2-year study of toxicity and 
carcinogenicity) 

460 mgkg bw per day (twa-generation study of reproductive toxicity; no 
reprod+ive toxicity; highest dose tested) 

92 mgilcg ~YY per day (two-genemtion study of repro&et& toxicity; 
carcin~genicity) 

150 mgkg bw per day (study of developmentai toxiciw, matemal toxicity) 
300 tno$n$ per day (study of developmental toxiciw, develw 

700 mgkg bw per day (study of developmental toxicity; teratogenicity) 

Rabbit 100 mg/kg bw per day (two studies of developmental toxicity; matunal 
toxicity) 

500 mg/ag bw per day (two studies of developmental toxicity; f~oxicity) 
750 mgkg bw per day (two studies of developmental toxicity; teratogenieity) 

Dog; 750 mg/bw per day (highest dose tested; 1 -year study of toxicity) 

Estimate of acceptable daily intake for humans 
O-O.4 mgkg bw 

Estimate of acute reference dose 
Unnecessary 

Studies that would provide information usejidfw contimted 	 evaluation of the mqwund 
1. 	 Mechanistic studies on urinary bladder turnouis in male rats 


.
2. Further observations in humans 

Toxicolugicrl end-points relevant for estimatingguidrncev8hsfor dietary and nou-dktary txposun to 
t-phenylphenol (unless otbrrwise specified) 
Absorpran. distribution, excretion, and metobolirnr in nammols 

Rate and crtmt of oral absorption Rapid (24 h) and complete (95-100%). mice and cats 
Dermal absorption Rapid amI well absorbed (43%), hmtans 
Distribution Small cmcmtmfions (< 1%) in tissua. mice and fats 
Potential for accumulation No awumulation. mice, rats, and humans 
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Toxicolo&al end-polats (cad) 

Rati and extent of excretion 
Metabolii in anim8h 

j’ 	 Toxicologict~Ry dpDific=t CMnptRads 
(uhtds. plants and envinmman) 

Acute roxiciv 
Ra: LD,,olal 
Rabbit, LDs damd 
Rabbit, LC, inhahth (4 h) 
Dc.lmal irritation 
ocular init8titm 

Demd Muitization 

Shokmm k&c@ 
Targctkitkal effect 

Lowest relevzmt oral NOAEL 
Lowest rclcvmt dcsldNOAEL 
Lowest z&vat inhtetion NOAEL 

GmOtOXiCi~ 

Long-term ttzxici~ and cambgdciv 

Targcthitical efrcot 

Lowest releveot NOAEL 

CarcinogeniciCy 

Reprodwtiw toxik@Y 
Rqxodactivettqct/~dTia 
LowcstrckvsntrqrududMNoAEL 
Dcvelopmcntal targ&&ricoi effect 
Lowcstrc1cvattt dcvebpment81 NOAEL 

other tdcological Hndia 

Medical data 

Sumnnuy v&e 

ADI 	 O-O.4 m&g bw 

Acute rcfcrmcc dose u”=-=‘Y 

.._ 

232 

Rapid and compkte (95-IOO’??), mice. rats, and humans 
Ghtcwonide and sulfate of 2-phtmylpknol and 
pimylhydtuquiwnc,miccandritts 
2-PhuIylpkaol 

2800 mgkg bw 
>XlOOm~gbw 
~36mgMair(aerosol) 
2-Pbeaylpbaohditss&mualtzscvaedam8linitrtiw,mbbj~ 
2-weaylpbarol:~imitrtioa,nbbitr 
8odiumsaksfigbtoculeriniwioqnbbits 

umeso~vcdqucstifms 

Urinmybbddor,malemts 
Livcr,makandfimm!emicu 
39mglkg~pcrday,mak~ 
Urhatybh&krtumaum,mrltn~ 
Livcr~makandfkm8kmice 

Dcmutl it7itation witb the scdium se& sot with2-pknylpbalol 

Slvdy 	 SfJf@fWOP 

Long-tam study of toxicity 100 
and carChogmicity. rat 
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